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1.0 I n t r o d u c t i o n  

1.1 Report O b j e c t i v e  

T h i s  r e p o r t  d e l i n e a t e s  and e x p l a i n s  t h e  accomplishments of  t h e  Utah 
S t a t e  U n i v e r s i t y  (USU) Mars Lander/Rover (MLR) Design c l a s s  d u r i n g  Win ter  
Q u a r t e r  1987. 
p r e v i o u s  q u a r t e r ,  r e s u l t i n g  i n  t h e  more def ined,  r e a l i s t i c  system presented i n  
t h e  f o l l o w i n g  pages. 

Th is  segment o f  t h e  course b u i l t  upon t h e  achievements o f  t h e  

1.2 Opera t iona l  Scenar io  

The b a s e l i n e  f o r  t h i s  p r o j e c t  has been d e r i v e d  f r o m  v a r i o u s  sources, 
most n o t a b l y  t h e  N a t i o n a l  Commission on Space Report.  T h i s  i n f o r m a t i o n ,  
combined w i t h  t h e  d e c i s i o n  t h a t  d e l i v e r i n g  t h e  pay load t o  Mars o r b i t  would n o t  
be cons idered w i t h i n  t h e  scope of  t h i s  study, r e s u l t e d  i n  t h e  f o l l o w i n g  
o v e r a l l  mass c o n s t r a i n t .  It was assumed t h a t  f u t u r e  launch v e h i c l e s  would be 
capable of d e l i v e r i n g  5000 kg t o  t h e  s u r f a c e  o f  Mars. Fur ther ,  i t  was dec ided 
t h a t  t h i s  mass would be made up o f  f i v e  separa te  l a n d e r  veh ic les .  
t h e s e  v e h i c l e s  c o n s i s t s  o f  a l a n d e r  s h i p  ( termed t h e  ''mother s h i p " ) ,  a l o c a l  
sample a c q u i s i t i o n  r o v e r  (SAR), and an a i r b o r n e  b a l l o o n  rover .  T h i s  system 
was s e l e c t e d  f rom a group o f  candidates,  hav ing  been viewed t h e  most f e a s i b l e  
and e f f e c t i v e  method o f  accompl i s h i n g  t h e  goal  o f  wide-scale c h a r a c t e r i z a t i o n  
o f  Mars. 

Each o f  

1.3 O r a a n i z a t i o n  o f  ReDort 

The balance o f  t h e  r e p o r t  i s  d i v i d e d  i n t o  s e c t i o n s  p e r t a i n i n g  t o  
v a r i o u s  aspects  o f  t h e  system development. 
sub-element o f  t h i s  document, and consequent ly,  may be read i n  a d i f f e r e n t  
o r d e r  i f  des i red .  References a r e  found a t  t h e  end o f  each s e c t i o n .  
Suppor t ing  appendices a r e  l o c a t e d  i n  a separa te  s e c t i o n  a t  t h e  end o f  t h e  
document, and a r e  numbered corresponding t o  t h e  r e s p e c t i v e  s e c t i o n s  o f  t e x t .  

Each i s  presented as a complete 

1.4 Goals 

(MLR) system b e  more c l e a r l y  de f ined,  as w e l l  as t h e  f u r t h e r  development o f  
s o l u t i o n s  t o  t h e  cha l lenges  i n v o l v e d  i n  t h i s  miss ion.  T h i s  t h e n  p r o v i d e d  a 
sound b a s i s  f o r  t h e  s e l e c t i o n  of  c e r t a i n  components o f  t h e  MLR des ign  f o r  
i n - d e p t h  development d u r i n g  S p r i n g  Quar te r ,  t h e  f i n a l  phase o f  t h i s  des ign  
course. 
f o l  1 owi ng s e c t  i ons . 

D u r i n g  t h i s  q u a r t e r  i t  was i n t e n d e d  t h a t  t h e  o v e r a l l  Mars Lander/Rover 

These o b j e c t i v e s  were accomplished and t h e  r e s u l t s  comprise t h e  
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2.0 Environment and Tra. iectorv  GrouD 

2.1 I n t r o d u c t i o n  

The purpose o f  t h i s  r e p o r t  i s  t o  summarize t h e  progress made by t h e  
Envi ronment and T r a j e c t o r y  group s i n c e  t h e  begi  n n i  ng o f  Win ter  Q u a r t e r ,  1987 
i n  t h e  Mars Lander/Rover des ign  c lass .  
goals,  a b r i e f  s ta tement  o f  t h e  problems unique t o  o u r  group, t h e  assumptions 
made i n  a t t a c k i n g  t h e  problem, and t h e  methods w i t h  t h e i r  subsequent r e s u l t s .  

Inc luded a r e  a d e s c r i p t i o n  o f  o u r  

2.2 Goals 

The Envi ronment and T r a j e c t o r y  group i s  r e s p o n s i b l e  f o r  p r o v i d i n g  
t r a j e c t o r y  i n f o r m a t i o n  f o r  a g i v e n  Mars 1 ander c o n f i g u r a t i o n  and o p e r a t i o n a l  
scenar io .  These c a l c u l a t i o n s  a r e  based on a s u i t a b l e  c h o i c e  o f  Mars 
atmospher ic model , and s i m p l i f y i n g  assumptions on t h e  geometry o f  t h e  lander .  
The r e s u l t s  o f  t h e s e  computat ions i n c l u d e  p o s i t i o n ,  v e l o c i t y ,  mass, and 
a c c e l e r a t i o n  o f  t h e  v e h i c l e  as a f u n c t i o n  o f  t ime.  S ince t h e  V i k i n g  m i s s i o n  
was a proven success, many o f  i t s  f e a t u r e s  were i n c o r p o r a t e d  i n t o  o u r  model. 

The b a s i c  assumption as a f o u n d a t i o n  f o r  o u r  c a l c u l a t i o n s  i s  t h a t  i t  w i l l  
be p o s s i b l e  i n  t h e  f u t u r e  t o  p u t  5,000 kg on t h e  s u r f a c e  o f  Mars. We f u r t h e r  
assume t h i s  mass w i l l  be d i s t r i b u t e d :  1,000 kg w i l l  b e  landed a t  f i v e  
d i f f e r e n t  l o c a t i o n s  on t h e  M a r t i a n  sur face.  These l o c a t i o n s  w i l l  be d e t a i l e d  
i n  S e c t i o n  2.5 o f  t h i s  r e p o r t .  
determine t h e  masses o f  each o f  t h e  f i v e  Lander/Rovers b e f o r e  t h e y  a r e  
launched f r o m  t h e  O r b i t e r .  

c a l c u l a t e  e n t r y  and l a n d i n g  t r a j e c t o r i e s  i n  l i g h t  o f  t i m e  a v a i l a b l e  f o r  t h i s  
p r o j e c t .  
when more p r e c i s i o n  i s  requ i red .  

Thus, t h e  problem t h a t  we must a t t a c k  i s  t o  

Severa l  s i m p l i f i c a t i o n s  were employed i n  p r e p a r a t i o n  o f  t h e  model t o  

It i s  s t r u c t u r e d ,  however, t o  a l l o w  p a r t s  o f  i t  t o  be e a s i l y  changed 

2.3 ODerat ional  Scenar io  f o r  t h e  Orb i ter /Lander /Rover  Svstem 

The c a l c u l a t i o n s  t o  be presented h e r e  a r e  modeled, i n  p a r t ,  a f t e r  t h e  
V i k i n g  miss ion,  i n  which a s p a c e c r a f t  c o n s i s t i n g  o f  an o r b i t e r  and a lander  
was s e n t  t o  Mars f o r  t h e  purpose o f  s c i e n t i f i c  i n v e s t i g a t i o n  o f  i t s  atmosphere 
and surface. 
spacecra f t  i n  a synchronous, e l l i p t i c a l  o r b i t  about Mars. A f t e r  s e p a r a t i o n  of 
t h e  V i k i n g  l a n d e r  f r o m  t h e  o r b i t e r ,  a r e t r o g r a d e  b u r n  was e f f e c t e d  f o r  
d e - o r b i t  o f  t h e  lander .  The v e h i c l e  e n t e r e d  t h e  M a r t i a n  atmosphere b e i n g  
slowed i n i t i a l l y  by atmospher ic d rag  on ly .  As V i k i n g  neared t h e  sur face t o  
about 5.8 km a l t i t u d e ,  i t s  " a e r o s h e l l "  was e j e c t e d  and a parachute was 
deployed t o  f u r t h e r  s low t h e  v e h i c l e ;  a t  about 1.2 km a l t i t u d e ,  t h e  parachute 
was e j e c t e d  and, d u r i n g  t h e  f i n a l  descent, t h e  r e t r o - r o c k e t s  were f i r e d  f o r  
s o f t  1 andi  ng. 

Upon a r r i v a l  near  t h e  p l a n e t ,  a t h r u s t e r  f i r i n g  p l a c e d  t h e  

2.3.1 The Mars O r b i t e r  

i s  i n  an e l l i p t i c a l  o r b i t  about Mars rough ly  i n  t h e  p l a n e  o f  t h e  
e c l i p t i c .  
Lander/Rovers w i t h i n  reasonable t i m e  i n t e r v a l  s. 
o r b i t  have n o t  y e t  been determined. 

I n i t i a l l y ,  t h e  f i v e  Lander/Rovers w i l l  b e  a t t a c h e d  t o  an O r b i t e r  which 

The purpose o f  t h e  O r b i t e r  i s  t o  r e l a y  communications f rom 
The parameters o f  t h i s  
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To e s t i m a t e  t h e  mass o f  t h e  O r b i t e r ,  we have assumed t h a t  i t  w i l l  be 

rough ly  t h e  same as t h a t  o f  t h e  V i k i n g  (2,325 kg w i t h  f u e l ,  902 kg 
w i t h o u t ) ,  w i t h  a c o n s e r v a t i v e  added-mass a l lowance o f  400 kg f o r  hardware 
t o  a t t a c h  t h e  f i v e  Lander/Rovers, and an a l l o c a t i o n  o f  rough ly  6,100 kg 
e x t r a  r o c k e t  f u e l ,  t o  be used f o r  o r b i t a l  i n s e r t i o n  about Mars. The 
v a l u e  f o r  t h i s  e x t r a  r o c k e t  f u e l  mass was es t imated by l i n e a r  s c a l i n g ,  
u s i n g  t h e  V i k i n g  o r b i t e r  f u e l  t o  t o t a l  V i k i n g  system mass r a t i o  o f  0.4, 
and assuming t h a t  t h e  t o t a l  mass o f  t h e  f i v e  Lander/Rovers a t tached t o  
t h e  O r b i t e r  w i l l  be no g r e a t e r  t h a n  10,000 kg. Therefore,  an upper l i m i t  
f o r  t h e  mass o f  t h e  e n t i  r e  Mars Orb i ter /Lander /Rover  system b e f o r e  
i n s e r t i o n  i n t o  o r b i t  about Mars i s  18,833 kg; i.e., 8,833 kg f o r  t h e  
O r b i t e r  and 10,000 kg f o r  t h e  Lander/Rovers. I n  t h e  s e c t i o n s  below, 
d e t a i l e d  analyses and c a l c u l a t i o n s  a r e  presented w i t h  t h e  purpose of 
m o d i f y i n g  t h e  10,000 kg i n i t i a l  e s t i m a t e  f o r  t h e  t o t a l  mass o f  t h e  
Lander/Rovers a t t a c h e d  t o  t h e  O r b i t e r .  

2.3.2 The Mars Lander/Rovers 

w i l l  be deployed a t  v a r i o u s  l o c a t i o n s  on t h e  p l a n e t ' s  sur face.  
each o f  t h e  Lander/Rovers must be equipped w i t h  an amount o f  f u e l  
s u f f i c i e n t  t o  maneuver t o  t h e  proper  o r b i t a l  i n c l i n a t i o n  and, then, 
e f f e c t  t h e  p r o p e r  r e t r o g r a d e  burn  t o  d e - o r b i t  and l a n d  a t  i t s  t a r g e t  
s i t e .  Furthermore, each o f  t h e  Lander/Rovers w i l l  be equipped w i t h  
s c i e n t i f i c  i n s t r u m e n t a t i o n  s p e c i f i c  t o  i t s  l a n d i n g  s i t e .  
one o f  t h e  Lander/Rovers w i l l  l a n d  a t  t h e  n o r t h e r n  i c e  cap; i t  must have 
e x t r a  f u e l  t o  g e t  i n t o  a h i g h  l a t i t u d e  o r b i t ,  and be o u t f i t t e d  w i t h  
ins t ruments  t o  conduct analyses o f  t h e  i c e .  

O r b i t e r  t o  ground are:  

The f i v e  Lander/Rovers a t tached t o  t h e  O r b i t e r  i n  o r b i t  about Mars, 
Thus, 

For example, 

The phases i n  t h e  m i s s i o n  s c e n a r i o  f o r  each o f  t h e  Lander/Rovers f rom 

1 )  Separat ion f rom Orbi ter /Lander /Rover  system 
2) Change o r b i t a l  i n c l i n a t i o n  ( i f  necessary) 
3) F i r e  r e t r o g r a d e  t h r u s t e r s  f o r  d e - o r b i t  
4 )  E j e c t  " a e r o s h e l l "  - deploy parachute (5.8 km) 
5) E j e c t  parachute - f i r e  descent p r o p u l s i o n  (1.2 km) 
6 )  Touchdown 

2.4 Lander/Rover T r a j e c t o r y  C a l c u l a t i o n s  

We have chosen t o  do t h e  e n t r y  and l a n d i n g  t r a j e c t o r y  c a l c u l a t i o n s  u s i n g  
a two-dimensional ,  p o l a r  ( r ,  e)  coord ina te ,  i n e r t i a l  system i n  a g i v e n  o r b i t a l  
p lane. By s tandard  convent ion,  e = 0" d e f i n e s  t h e  p e r i a p s i s  o f  t h e  l a n d e r  
o r b i t  about Mars. 
about Mars, where t h e  i n i t i a l  c o n d i t i o n s  and o t h e r  d e t a i l s  o f  i t s  mot ion  can 
be ob ta ined u s i n g  K e p l e r ' s  equat ions.  I f  t h e  o r b i t a l  i n c l i n a t i o n  of a g iven 
Lander/Rover must be changed, i t  w i l l  be accomplished by an ins tan taneous 
d e l t a - v e e  r o c k e t  burn  a t  t h e  apoapsis o f  t h e  e l l i p t i c a l  o r b i t .  For a l l  r o c k e t  
f u e l  c a l c u l a t i o n s ,  we assumed h y d r a z i n e  ( ISp=235).  I n  a d d i t i o n ,  we assume t h e  
l a n d e r  has a g i v e n  mass and t h a t  i t  has a s p h e r i c a l  shape o f  g i v e n  rad ius .  

We assume t h a t  t h e  l a n d e r  i s  i n i t i a l l y  i n  a c losed o r b i t  

2.4.1 O r b i t a l  Plane Chanaes 

The a d d i t i o n a l  f u e l  r e q u i r e d  f o r  changes i n  t h e  o r b i t a l  p l a n e  of  a 
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g i v e n  Lander/Rover was c a l c u l a t e d  f o r  t h e  s tandard V i  k i n g  o r b i t ;  i .e., 
p e r i a p s i s  = 4.9 x 106 m, apoapsis 
c a r r i e d  o u t  assuming an instantaneous burn a t  apoapsis, where t h e  
r e q u i r e d  f u e l  i s  expected t o  be a minimum, f o r  an i n i t i a l  Lander/Rover 

= 3.6 x l o 7  m. The computat ions were 

mass i n  t h e  range 1,500 kg t o  2,100 kg. 
2.4.1. 

The r e s u l t s  a r e  shown i n  F i g u r e  

2.4.2 Mars E n t r y  Veh ic le  De-Orbi t  Burn 

Design o f  t h e  Mars e n t r y  v e h i c l e  r e q u i r e d  a knowledge o f  t h e  amount o f  
f u e l  necessary t o  a l t e r  t h e  o r b i t  so t h a t  t h e  v e h i c l e  w i l l  e n t e r  t h e  
atmosphere a t  a f l i g h t  p a t h  angle d i c t a t e d  by t h e  aerodynamic 
c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e .  
f u e l  consumption, severa l  assumptions were made: 

I n  conduct ing  an i n v e s t i g a t i o n  o f  t h e  

1 )  The v e h i c l e  i s  i n i t i a l l y  i n  an o r b i t  o f  e c c e n t r i c i t y ,  e=.75, and 
semi-major  a x i s  o f  a=19,654 km ( i n i t i a l  o r b i t  o f  V i k i n g  I ) .  
M i s s i o n  requi rements may f o r c e  s e l e c t i o n  o f  a d i f f e r e n t  i n i t i a l  
o r b i t ,  b u t  i t  i s  reasonable t o  c o n s i d e r  t h i s  o r b i t  because a 
h i g h l y  e l l i p t i c a l  o r b i t  uses l e s s  f u e l  i n  t h e  Mars c a p t u r e  burn  
t h a n  would a more c i r c u l a r  o r b i t ,  and i t  has a p e r i o d  o f  n e a r l y  
1 so l ,  so t h a t  t h e  o r b i t e r  passes o v e r  a p o i n t  on t h e  s u r f a c e  a t  
t h e  same t i m e  o f  day every o r b i t .  

2 )  The t o t a l  e n t r y  v e h i c l e  mass i n i t i a l l y  equals 1,400 kg. 
3) The prope l  1 a n t  i s  hydraz ine  ( Isp=235s). 
4)  The t h r u s t  i s  always o r i e n t e d  t o  d i r e c t l y  oppose t h e  v e l o c i t y .  
5 )  The v e h i c l e  i s  cons idered t o  have en tered  t h e  atmosphere a t  an 

a l t i t u d e  o f  250 km. 

To f i n d  t h e  f u e l  consumption, a 4 t h  o r d e r  Runge-Kutta a l g o r i t h m  
i n t e g r a t e d  t h e  equat ions o f  mot ion f o r  an o r b i t i n g  body a c t e d  upon by a 
t h r u s t .  The o r b i t  parameters were checked each i t e r a t i o n ,  and when t h e  
p e r i a p s i s  a l t i t u d e  was found t o  have dropped t o  t h e  p l a n e t ' s  sur face ,  t h e  
program ended. Elapsed burn  t ime,  f u e l  used, and descent o r b i t  
parameters were t h e n  ou tpu t ted .  
e f f e c t  o f  f u e l  b u r n  r a t e  and t r u e  anomaly a t  t h e  d e - o r b i t  burn  s t a r t ,  on 
f u e l  e f f i c i e n c y  and o t h e r  parameters. 

The accompanying graphs d i s p l a y  t h e  

2.4.3 V e h i c l e  Drag Due t o  t h e  M a r t i a n  Atmosphere 

The d r a g  f o r c e  on t h e  l a n d e r  due t o  atmospher ic f r i c t i o n  i s  g i v e n  by: 

f=(  n/2)a2CDpv2 ( 1 )  

where a i s  t h e  r a d i u s  o f  t h e  lander ,  Cg i s  t h e  c o e f f i c i e n t  o f  drag, p i s  
g i v e n  by equat ion  2 below, and v i s  t h e  l a n d e r  v e l o c i t y  [Swanson, 19701. 
The c o e f f i c i e n t  o f  d rag  i s  well-known as a f u n c t i o n  o f  Reynolds number 
NRE (see F i g u r e  2.4-8). 
CD from t a b u l a t e d  exper imenta l  d a t a  f o r  N R E ~  x lo5,  and we have assumed 
C~=0.4, f o r  Reynolds numbers g r e a t e r  t h a n  2 x lo5.  
g i v e n  r a d i u s  and a c o e f f i c i e n t  o f  d r a g  o f  0.55, corresponding t o  t h a t  of 
a d isk-gap band parachute as used on Vik ing.  
t o  parachute drag  comes i n  t o  t h e  c a l c u l a t i o n s  o n l y  when t h e  Lander/Rover 
i s  between 5.8 and 1.2 km h igh.  

We have used an i n t e r p o l a t i o n  r o u t i n e  t o  compute 

For  t h e  parachute  c a l c u l a t i o n s ,  we assumed a f l a t - p l a t e  model of  a 

Th is  added f o r c e  t e r m  due 
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I n  o r d e r  t o  j u s t i f y  o u r  s i m p l i f y i n g  assumption on t h e  Lander/Rover 

geometry f o r  e n t r y  and l a n d i n g  c a l c u l a t i o n s ,  t h e  remainder o f  t h i s  
subsec t ion  i s  devoted t o  a comparison o f  t h e  d r a g  c o e f f i c i e n t s  o f  a 
sphere and t h e  V i k i n g  a e r o s h e l l .  

The computer generated model developed by o u r  t r a j e c t o r y ,  env i  ronment, 
and l a n d i n g  sub-group used d r a g - c o e f f i c i e n t  d a t a  d e r i v e d  f rom c l a s s i c a l  
geometr ica l  d rag  models f o r  spheres. T h i s  d a t a  i s  based on fundamental 
f l u i d  mechanics and i s  shown i n  F i g u r e  2.4-8. 

Actual  V i k i n g  I data, w h i l e  l a r g e l y  based on pressure,  a c c e l e r a t i o n ,  
and mass spect rometer  measurements, i s  s i m i l a r l y  matched t o  exper imenta l  
d r a g - c o e f f i c i e n t  d a t a  f o r  s p h e r i c a l  models i n  t h e  Reynold 's  number range 
of  10 t o  102. I n  o t h e r  words, measured d a t a  had t o  be supplemented by 
exper imenta l  d a t a  t o  c o n s t r u c t  t h e  V i  k i n g  I d r a g - c o e f f i c i e n t  curves. 
T h i s  a c t u a l  d r a g - c o e f f i c i e n t  da ta  f rom V i k i n g  I i s  shown i n  F i g u r e  2.4-9. 

Our model has p r o v i d e d  a v a l i d  approx imat ion  f o r  Mars e n t r y  
c a l c u l a t i o n s .  
t o  be c o n s e r v a t i v e  i n  d r a g - c o e f f i c i e n t  de termina t ion .  
c o n s e r v a t i v e  i n  t h e  range o f  t e n  t o  t h i r t y  percent  (Cg e r r o r  of .1 t o  1). 
These e r r o r  bounds g i v e  o u r  model b o t h  a reasonable r e s u l t  and a 
d e s i  r a b l  e c o n s e r v a t i v e  range. 

P r e l i m i n a r y  d a t a  runs o f  o u r  program have shown any e r r o r  
Th is  e r r o r  i s  

2.4.4 Model Atmosphere f o r  Mars 

To keep t h e  e n t r y  and l a n d i n g  c a l c u l a t i o n s  s imple,  we have assumed t h a t  
t h e  M a r t i a n  atmosphere i s  composed o f  pure  carbon d i o x i d e  gas w i t h  a 
d e n s i t y ,  p, t h a t  v a r i e s  e x p o n e n t i a l l y  i n  a l t i t u d e ,  z, w i t h  a cons tan t  
s c a l e  h e i g h t ,  H, as f o l l o w s :  

where H=k~T/mg=11.28 km, kB i s  Boltzmann's constant ,  T=220 K i s  t h e  
temperature,  g=3.73 m/sec2, and m i s  t h e  mass o f  a CO2 molecule.  
po=1.426x10-2kg/m3 was computed assuming t h a t  t h e  M a r t i a n  s u r f a c e  
pressure  i s  6 mbar. 

2.4.5 Descent Propu ls ion  C a l c u l a t i o n s  

( t h e  t h r u s t e r s  f i r i n g  i s  assumed t o  occur  i n  t h e  t i m e  i n t e r v a l  f rom when 
t h e  parachute  i s  e j e c t e d  t o  touchdown on t h e  M a r t i a n  s u r f a c e )  f o r  t h e  
t e r m i n a l  descent p r o p u l s i o n  system t o  s o f t - l a n d  t h e  Lander/Rover, t h e  
equat ions  o f  mot ion  were w r i t t e n  f o r  a one-dimensional C a r t e s i a n  
c o o r d i n a t e  system, where t h e  forces cons idered were cons tan t  terms, one 
f o r  g r a v i t y  near  t h e  M a r t i a n  s u r f a c e  and t h e  o t h e r  f o r  r o c k e t  engine 
t h r u s t .  I n  t h i s  c a l c u l a t i o n ,  d rag  due t o  atmospher ic f r i c t i o n  i s  smal l  
and, t h e r e f o r e ,  was neglected. Thus, equat ions f o r  t h e  v e l o c i t y  and 
p o s i t i o n  can be so lved f o r  i n  c l o s e d  form, b e i n g  f u n c t i o n s  of t h e  burn 
r a t e  and burn  t ime.  Using i n i t i a l  and f i n a l  c o n d i t i o n s  ( t h a t  i s ,  a t  t h e  
s t a r t  and t h e  end o f  t h e  burn) ,  f o r  p o s i t i o n  and v e l o c i t y ,  t h e  r e s u l t i n g  
t ranscendenta l  equat ions can be i n v e r t e d  f o r  burn  r a t e  and burn  t ime.  

To c a l c u l a t e  t h e  f u e l  burn  r a t e  ( k g  o f  f u e l  p e r  second) and burn  t i m e  

2.4.6 Computer Code f o r  E n t r y  and Landing T r a j e c t o r y  

The f o r c e  t e r m  g i v e n  by equat ion  ( 1 )  was i n c o r p o r a t e d  i n t o  t h e  equat ions 
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of  mot ion  f o r  t h e  l a n d e r  e n t r y .  
and t h e  parameters t h a t  must be assumed o r  determined f rom t h e  t r a j e c t o r y  
a re :  

The v a r i a b l e s  t o  be i n t e g r a t e d  i n  t ime,  

1) P o s i t i o n  coord ina tes ,  r and e 
2) V e l o c i t i e s  i n  t h e  r and e d i r e c t i o n s ,  vr and Vg 
3) Fuel mass r e q u i r e d  f o r  d e - o r b i t  
4) I n i t i a l  p o s i t i o n  of  d e - o r b i t  
5) "Aeroshe l l  I' drag c h a r a c t e r i s t i c s  
6)  Parachute d iameter  
7) Parachute t e r m i  n a l  v e l o c i t y  
8 )  Fuel  mass r e q u i r e d  f o r  f i n a l  s o f t - l a n d i n g  
9) Maximum des ign  loads  encountered 

These a r e  s o l v e d  n u m e r i c a l l y  u s i n g  a p r e d i c t o r - c o r r e c t o r  method, which 
has been f u l l y  t e s t e d  and y i e l d s  s a t i s f a c t o r y  r e s u l t s .  
presented i n  t h e  Appendix, a r e  w e l l  documented and can be e a s i l y  
fo l lowed.  

The programs, 

2.4.7 Numeri c a l  Cal c u l  a t  i ons 

The i n i t i a l  c o n d i t i o n s ,  as i n p u t  f o r  t h e  computer programmed 
s i m u l a t i o n s  i n  t h e  model c a l c u l a t i o n  presented here, a r e  as f o l l o w s :  

1) V e h i c l e  r a d i u s  i s  2 m 
2) I n i t i a l  o r b i t :  r=4.9x106 m ( p e r i a p s i s )  

3) Parachute r a d i u s  i s  14 m 
4) N A e r o s h e l l "  e j e c t i o n  (192 kg e j e c t e d )  a t  5.8 km 
5) Parachute deployment a t  an a l t i t u d e  o f  5.8 km 
6)  Parachute e j e c t i o n  a l t i t u d e  ( 5 0  kg e j e c t e d )  i s  1.2 km 

r=3.5x107 m (apoapsis)  

Using t h e  above parameters, severa l  runs were made, v a r y i n g  i n i t i a l  
Lander/Rover mass M i ,  ( kg)  , ( a f t e r  o p t i o n a l  change o f  o r b i t a l  p l a n e )  , 
p o s i t i o n  of d e - o r b i t  burn, e i  (degrees),  and change i n  v e l o c i t y  a t  
d e - o r b i t ,  AV (m/sec). A t  8i=2OO0, t h e  l a n d i n g  t i m e  was about 6.5 hours;  
a t  8i=23Oo, t h e  l a n d i n g  t i m e  was about 2.5 hours. For  a l l  cases, t h e  
parachute t e r m i n a l  v e l o c i t y  was about 45 m/sec. The remain ing i m p o r t a n t  
r e s u l t s  from t h e  c a l c u l a t i o n s ,  namely t h e  f i n a l  mass, Mf ( k g ) ,  t h e  
maximum l o a d s  (which always occur red  when t h e  parachute  was deployed),  
Lmax (m/sec2), and t h e  f i n a l  p o s i t i o n  on t h e  sur face,  ef (degrees),  a r e  
t a b u l a t e d  below f o r  a g i v e n  M i ,  e i ,  and AV: 

Run AV M i  M f Lmax e i  O f  . . ................................................ 
A 150 1500 1054 * 200 340 
B 150 1450 1011 1104 200 340 
C 200 1450 984 490 200 315 
D 250 1450 957 786 200 300 
E 200 1475 1005 491 200 315 
F 300 1475 952 1637 230 36 1 
G 300 1550 1013 1298 230 261 
H 200 1475 230 ** 

* Not computed f o r  t h i s  r u n  
** AV was t o o  smal l  - Lander/Rover "sk ipped"  o f f  atmosphere 
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F o r  ei=230°, h i g h e r  des ign 1 oads were encountered and more A V  
(meaning more r o c k e t  f u e l )  was requ i red .  For  ei=200°, t h e  amount o f  
A V  a f f e c t e d  t h e  des ign  loads exper ienced, as w e l l  as t h e  angle of 
e n t r y  i n t o  t h e  atmosphere, and f i n a l  v a l u e  f o r  ef .  
lowest  v a l u e  f o r  Lmax. 

be i n  t h e  range 1450-1850 kg, depending on whether a change i n  
o r b i t a l - p l a n e  i s  necessary. This  i s  c l o s e  t o  our  e s t i m a t e  of  
Mi=2000 kg f rom sca led  V i k i n g  data.  

Run C g ives  t h e  

From t h e  above r e s u l t s ,  t h e  i n i t i a l  mass o f  each Lander/Rover must 

Table 2.4-1 

O r b i t  Parameters Before  De-Orbit Burn 

semi-major a x i s :  19,653.7 5 km 
e c c e n t r i c i t y :  0.749 95 
argument o f  p e r i  aps i  s: 0.0 

O r b i t  Parameters A f t e r  Ret ro  Burn 

t r u e  anomaly a t  burn s t a r t :  
f u e l  used ( k g ) :  
b u r n  d u r a t i o n  (sec) :  

semi -major a x i s  (km) : 

eccent  r i  c i t y  : 

argument o f  p e r i a p s i s  (deg) : 

f l i g h t  p a t h  ang le  a t  e n t r y  (250 km): 

e n t r y  v e l o c i t y  (km/sec) : 

205 
94.5 

945.0 

17,248.1 

0.803 

8.98 

-14.32 

4.59 

225 
159.4 

1,594.0 

14,147.9 

0.760 

17.34 

-14.09 

4.53 
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O r b i t a l  p l a n e  change versus hydraz ine  f u e l  r e q u i r e d  
f o r  v a r i o u s  va lues o f  t h e  i n i t i a l  Lander/Rover mass. 

De-orb i t  Fuel  Consumption. A low t h r u s t  burn  uses l e s s  
f u e l  t h a n  a h i g h  t h r u s t  burn  i f  i t  s t a r t s  b e f o r e  t h e  
t r u e  anomaly reaches 180 degrees. Beyond apoapsis, a 
h i g h  t h r u s t  burn  i s  more e f f i c i e n t .  However, i n  t h e  
range o f  45 degrees e i t h e r  s i d e  o f  apoapsis, t h e  
d i f f e r e n c e s  become so l i t t l e  t h a t  t h e  problem may be 
t r a t e d  as an instantaneous burn  and an instantaneous 
change o f  v e l o c i t y .  Fuel consumed i s  t h e r e f o r e  g i v e n  
by: Mf = Mo(l-ln(-(Vo-V)/Isp*9.8)). 

De-orb i t  Durat ion.  
p r o p o r t i o n a l  t o  t h e  f u e l  mass used f o r  cons tan t  t h r u s t :  

The burn t i m e  i s  d i r e c t l y  

t b  = M/(AM/At) 

Semi-major Ax is  o f  E n t r y  E l l i p s e .  Since t h e  energy o f  
an o r b i t  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  i t s  semi-major 
a x i s ,  b u r n i n g  a t  p e r i a p s i s  w i l l  use t h e  l e a s t  amount o f  
f u e l  . 
E c c e n t r i c i t y  a t  De-orb i t  Burn End. Burn ing  near  
apoapsis inc reases  t h e  e c c e n t r i c i t y  o f  t h e  o r b i t  
s l i g h t l y ,  caus ing a s teeper  ang le  o f  e n t r y .  

P e r i a p s i s  Angle o f  Descent E l l i p s e .  This  shows t h e  
e f f e c t  o f  t h e  s t a r t i n g  p o s i t i o n  on t h e  f i n a l  o r  e n t a t i o n  
o f  t h e  argument o f  p e r i a p s i s .  A burn b e g i n n i n g  anywhere 
o t h e r  t h a n  a t  apoapsis o f  t h e  o r i g i n a l  o r b i t  w i  1 r o t a t e  
t h e  l i n e  of  apsides o f  t h e  descent e l l i p s e  w i t h  respec t  
t o  t h e  former. For a synchronous p r i m a r y  o r b i t ,  t h e  
p e r i a p s i s  of t h e  o r b i t e r  would n o t  be d i r e c t l y  over  t h e  
l a n d i n g  s i t e  if t h e  p e r i a p s i s  r o t a t e s .  

Entry F l i g h t  Path Angle. 
parameter f o r  an aerodynamic e n t r y .  
thermal  c h a r a c t e r i s t i c s  o f  t h e  e n t r y  v e h i c l e  a r e  
understood, t h e  op t ima l  e n t r y  ang le  can be chosen. This  
i n  t u r n  i n d i c a t e s  t h e  t r u e  anomaly a t  which t h e  d e - o r b i t  
burn  should s t a r t .  

Th is  i s  t h e  govern ing 
When t h e  l i f t  and 
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2.5 Mars Landing S i t e s  

2.5.1 S e l e c t i o n  Process 

The s e l e c t i o n  o f  l a n d i n g  s i t e s  on t h e  s u r f a c e  
must be considered i n  o r d e r  t o  parameters which 

w h i l e  e n s u r i n g  t 
p r e l i m i n a r y  requ 
f o l  1 owing: 

1 )  L o c a t i o n  

o f  Mars i nvo l  ves severa l  
o b t a i n  a v a r i e t y  o f  d a t a  

The e l i f e  o f  t h e  l a n d e r  and durab l i t y  o f  t h e  rover .  
rements f o r  l a n d i n g  s i t e  s e l e c t i o n  must i n c l u d e  t h e  

The Visual  Imaging System o f  t h e  l a n d e r  must be a b l e  
t o  recogn ize  landmarks t o  c o r r e c t  a t t i t u d e  d u r i n g  
descent t o  s t e e r  t h e  c r a f t  t o  i t s  f i n a l  l a n d i n g  s i t e .  
T h i s  i s  c r i t i c a l  as s m a l l e r  l a n d i n g  e l l i p s e  s i z e s  a r e  
proposed. 
approx imate ly  100 km x 300 km, w h i l e  c u r r e n t  s i z e s  a r e  
a t  50 km x 80 km and p r o j e c t e d  s i z e s  go as smal l  as 10 
km x 10 km. These s i z e s  a r e  dependent upon o r b i t e r  
camera r e s o l u t i o n s ,  t h e  camera's a b i l i t y  t o  see 
i n d i v i d u a l  rocks  and smal l  c r a t e r s ,  and t h e  l a n d e r ' s  
a b i l i t y  t o  gu ide  i t s e l f  t o  i t s  l a n d i n g  s i t e .  

The V i k i n g  l a n d i n g  e l l i p s e  s i z e  was 

2) A l t i t u d e :  S ince t h e  M a r t i a n  atmosphere i s  very  t h i n ,  t h e  maximum 
amount o f  aerobrak ing  i s  r e q u i r e d  t o  use t h e  l e a s t  
amount o f  f u e l  f o r  descent and t o  maximize payload. 
V i k i n g  a l t i t u d e  parameters were s e t  a t  l e s s  than 4.25 km 
above t h e  average s u r f a c e  l e v e l .  Th is  g i v e s  t h e  l a n d e r  
s u f f i c i e n t  t i m e  t o  s low down t o  t h e  touchdown v e l o c i t y .  

3 )  Slopes: To prevent  t h e  l a n d e r  f rom t u m b l i n g  down a s lope, i t s  
grade must be 1 i m i  ted.  Al though t h e  V i  k i n g  parameter 
was r e s t r i c t e d  t o  l e s s  t h a n  19", t h i s  parameter i s  
dependent upon l a n d e r  design, c e n t e r  o f  g r a v i t y ,  and 
l a n d e r  l e g  c o n f i g u r a t i o n .  
s t u d i e d  i s  on slopes, v a l l e y s ,  o r  c r a t e r s ,  so t h i s  
parameter must be s e t  and l a n d i n g  s i t e s  a l t e r e d  s l i g h t l y  
a f t e r  l a n d i n g  s i t e  d a t a  i s  o b t a i n e d  by t h e  o r b i t e r .  

Much o f  t h e  t e r r a i n  t o  be 

4) Protruberances: To p r o t e c t  t h e  bo t tom p l a t e  o f  t h e  lander ,  a 
l i m i t  on rock s i z e  must be g i v e n  f o r  t h e  s i t e  
s p e c i f i c a t i o n .  Th is  i s  a l s o  dependent on t h e  
l a n d e r  des ign and s i t e  l o c a t i o n .  
occurrences o f  rock s i z e  must be s t u d i e d  f o r  each 
s i t e  t o  reduce t h e  p o s s i l b i l i t y  o f  bot tom p l a t e  
punc ture  and p o s s i b l e  1 ander disablement.  

The d i s t r i b u t i o n  

5) Winds and Dust Storms: To enhance t r a j e c t o r y  performance and 
l a n d e r  s t a b i l i t y ,  winds must be taken i n t o  
account f o r  e n t r y  i n t o  t h e  M a r t i a n  
atmosphere. 
s izes ,  winds become a c r i t i c a l  f a c t o r  i n  
t h e  accuracy o f  1 ander placement. 
g l o b a l  d u s t  storms occur  on a r e g u l a r  
bas is ,  u s u a l l y  d u r i n g  summer i n  t h e  
southern hemi sphere, m i  n o r  d u s t  storms can 

With smal l  e r  1 andi  ng e l  1 i p s e  

A1 though 
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Once a l s o  occur  and a l t e r  t h e  f l i g h t  path.  

t h e  l a n d e r  has a r r i v e d  a t  i t s  s i t e ,  d u s t  
storms must a l s o  be cons idered i n  t h e  
Lander/Rover deployment and use. F r o s t i n g  
o f  t h e  camera lenses  due t o  sand b l a s t i n g  
must be minimized. 
s i g n i f i c a n t  problem as p e r  V i k i n g  data.  

Th is  may n o t  be a 

! 

Wi th  t h e s e  parameters taken i n t o  account, severa l  l a n d i n g  s i t e s  have 
been se lected.  These are:  

1)  The Nor th Pole: It has been hypothes ized t h a t  water  migh t  e x i s t  
a t  t h e  n o r t h  p o l e  more so t h a n  a t  t h e  south. The 
s u b l i m a t i o n  temperature o f  CO2 a t  6.1 mb i s  148 K. 
I n  t h e  n o r t h e r n  summer, temperatures r i s e  t o  as 
much as 235 K, w e l l  above t h e  temperature t o  keep 
CO2 i n  a s o l i d  phase. Vet, i t  i s  observed t h a t  
i c e  i s  s t i l l  p resent  a t  t h i s  po le.  Large amounts 
o f  water  vapor a r e  a l s o  observed i n  t h e  atmosphere 
a t  t h e  p o l e  a t  between 80 and 100 p r e c i p i t a b l e  
microns. 

2a) A r s i a  Mons West, 8OS, 132.5"W: This  i s  an area o f  young v o l c a n i c  
rock.  It i s  one o f  severa l  l a r g e  
volcanoes i n  a c h a i n  a t  Thars is  
Montes. I t s  peak i s  27 km above 
t h e  Mars datum, e l i m i n a t i n g  t h i s  as 
a l a n d i n g  s i t e  even though t h e  
c a l d e r a  i s  120 km across. Landing 
near  t h e  base i s  more f e a s i b l e  and 
a l s o  i n c l u d e s  a l a r g e r  v a r i e t y  of 
t e r r a i n  f o r  study. 

2b) A p o l l i n a r i s  Patera, 5"S, 190OW: Th is  would be a s u i t a b l e  backup 
s i t e  as i t  i s  a t  approx imate ly  t h e  
same l a t i t u d e  as A r s i a  Mons. It 
i n c l u d e s  eo1 i a n  sediments, young 
v o l c a n i c  rock,  p l a i n s ,  and knobby 
t e r r a i n .  

3a) S c h i a p a r e l l i  Basin, 8"S, 336OW: Contains t h e  o l d e s t  M a r t i a n  
c r u s t a l  rocks  f r o m  a n c i e n t  
c r a t e r e d  t e r r a i n .  It a l s o  has 
r i d g e d  p l a i n s ,  mountainous t e r r a i n  
and heavi  l y  c r a t e r e d  up1 ands . 

3b) Tyrrhena Terra,  7 O S ,  243"W: A t  about t h e  same l a t i t u d e  as 
S c h i a p a r e l l i  Basin, i t  c o u l d  be a 
s u i t a b l e  backup s i t e .  It c o n t a i n s  
much o f  t h e  same t e r r a i n  b u t  a l s o  
i n c l u d e s  o l d  v o l c a n i c  rock  above 
a n c i e n t  c r u s t .  
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4) Candor Chasma, 6 . 3 O S ,  73.8"W and Hebes Chasma, 7"s. 77"W: 

These two chasms make up p a r t  o f  t h e  l a r g e  
system o f  canyons o f  V a l l e s  M a r i n e r i s .  
w i t h  two r o v e r s  c o u l d  e x p l o r e  t h e s e  s i t e s .  
t e r r a i n  i n c l u d e s  l a y e r e d  rock w i t h  r i d g e d  p l a i n s  
sur round ing  it. 
caused by g r e a t  f l o o d s  o f  l i q u i d  water  b i l l i o n s  o f  
y e a r s  past.  

One l a n d e r  
The 

These s i t e s  c o u l d  have been 

5) Argyre P l a n i t i a ,  45"S, 40"W: This  very  l a r g e  c r a t e r  appears t o  
have been caused by t h e  impact o f  a 
l a r g e  meteor o r  comet. Th is  area 
c o n t a i n s  a l a r g e  p l a i n  i n  i t s  c e n t e r  
and mountainous t e r r a i n  sur round ing  
it. 
r e s u l t  f rom s o i l  samplings i n  t h i s  
c r a t e r .  

Some very  i n t e r e s t i n g  d a t a  c o u l d  

The proposed l a n d i n g  s i t e s  have been p l o t t e d  i n  F i g u r e  2.5-1. 
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Figure 2.5-1 
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3.0 Conceptual Design o f  a S c i e n t i f i c  Payload f o r  t h e  USU Mars Lander/Rover 

Payload Subsystem Group 

3.1 I n t r o d u c t i o n  

The o v e r a l l  des ign  o f  t h e  Mars Lander has been an i n t e r a c t i v e  process 
These by which t h e  v a r i o u s  des ign  groups imposed c o n s t r a i n t s  on each o ther .  

c o n s t r a i n t s  d e a l t  w i t h  s p e c i f i c  p h y s i c a l  parameters such as s i z e ,  mass, 
volume, and power consumption, and w i t h  conceptual  l i m i t a t i o n s  such as miss ion  
sequence, purpose o f  t h e  s c i e n t i f i c  mission, deployment c o n s i d e r a t i o n s  and 
i n t e r f a c i n g  o f  t h e  s c i e n t i f i c  payload w i t h  t h e  MLR. 

Because t h e  n a t u r e  o f  t h e  MLR has changed severa l  t imes i n  o r d e r  t o  
accommodate a l l  t h e  des ign  c o n s t r a i n t s ,  severa l  o p t i o n s  a r e  presented. 
I n i t i a l l y ,  i t  was assumed t h a t  t h e  5000 kg landed mass would be d i v i d e d  i n t o  
f i v e  independent l a n d e r / r o v e r s ,  each moving about t h e  p l a n e t  by means o f  a 
ba l loon.  Because o f  b a l l o o n  performance est imates,  t h e  f i n a l  c o n f i g u r a t i o n  
f o r  each Lander/Rover c o n s i s t s  o f  t h r e e  separate components: a f i x e d  l a n d e r  
supported by a m o b i l e  l a n d  r o v e r  and a s m a l l e r  b a l l o o n  rover .  Thus, t h e  
s c i e n t i f i c  pay load des ign  had t o  accomodate t h e s e  changes by a d j u s t i n g  t h e  
s c i  e n t  i f i c m i  s s i  on o f  each i ndependent rover .  

The s i z i n g  of  t h e  s c i e n t i f i c  payload has been based on V i k i n g - t y p e  
mass/volume r a t i o s  and i n f o r m a t i o n  s u p p l i e d  by JPL. 
i s  d i f f i c u l t  t o  e s t i m a t e  t h e  volume and mass o f  any s c i e n t i f i c  ins t rument  
w i t h o u t  a c t u a l l y  d e s i g n i n g  it. 
and volumes o f  severa l  modern ins t ruments  were ob ta ined f rom s c i e n t i f i c  
ca ta logs .  
unacceptable due t o  t h e i r  magnitude and because t h e y  do n o t  i n c l u d e  an 
e s t i m a t e  o f  t h e  s t r u c t u r a l  mass necessary t o  w i t h s t a n d  5 m/s impacts. 
f i n a l  e s t i m a t e  was made by u s i n g  mass and volume es t imates  o f  ins t ruments  
found aboard V ik ing ,  i n f o r m a t i o n  s u p p l i e d  by JPL and i n f o r m a t i o n  found i n  t h e  
P lanetary  Spacecraf t  Systems Technology Report  (Tables 3.1 and 3.2). 

It must be noted t h a t  i t  

The approach used i s  as f o l l o w s :  t h e  masses 

The pay load mass and volume p r e d i c t e d  f rom these numbers would be 

The 

3.2 S c i e n t i f i c  M i s s i o n  Ob iec t ives  

The sc ience m i s s i o n  sequence i s  p a t t e r n e d  a f t e r  t h e  V i k i n g  miss ion.  
Re-entry, sur face and b a l l o o n  s c i e n t i f i c  payloads have been designed t o  meet 
t h e  conceptual  c o n s t r a i n t s  imposed by t h e  purpose o f  t h e  miss ion.  A l i s t  o f  
t h e s e  o b j e c t i v e s  i s  presented:  

- Charac ter ize  t h e  i n t e r n a l  s t r u c t u r e ,  dynamics, and p h y s i c a l  s t a t e  o f  
t h e  p lanet .  

- C h a r a c t e r i z e  t h e  chemical composi t ion and minera logy o f  s u r f a c e  and 
near  s u r f a c e  m a t e r i a l s  on a g l o b a l  and r e g i o n a l  bas is .  

- Determine t h e  chemical  composi t ion,  d i s t r i b u t i o n ,  and t r a n s p o r t  of 
compounds t h a t  r e l a t e  t o  t h e  f o r m a t i o n  and chemical  e v o l u t i o n  o f  t h e  
atmosphere. 

- Charac ter ize  t h e  dynamics o f  t h e  atmosphere on a g l o b a l  sca le.  

- Charac ter ize  t h e  processes t h a t  have produced t h e  landforms o f  t h e  
p l a n e t .  
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TABLE 3.1: MASS, VOLUME, AND POWER CHARACTERISTICS OF INSTRUMENTATION 

1 Retard i  ng P o t e n t i a l  Anal. 1.4 .004 3.0 
1 Upper Atmos. Mass Spect. 6.8 .020 14 .O 
x P, T, Accelerom. Sensors 2.5 .008 1.0 
1 A l t i m e t e r  Radar 6.0 .018 5.0 

# Sur face Science Mass (kg)  Volume (m3) Power (W) 

2 Facs im i le  Cameras 1.0 .003 0.1 
1 E l  e c t  ron  Microscope 10.0 .030 30.0 
1 Neutron Backscat te r  Device 2.0 .006 1.0 
1 V o l a t i l e  Detec tor  1.0 .003 5.0 
1 Minera l  Ana lys i s  Device 5.0 .015 10.0 
1 Prox im i t y  Sensor 3.0 .009 2.0 
1 Sun Sensor 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E l  e c t  r o n i  cs  1.4 - - 
Sensor 0.4 - - 

1 Gyrocompass 4.5 .014 - 
1 I n c l  i nometer 0.8 .002 - 
1 X-Ray F luorometer  2.0 .006 3.5 
1 Meteorology Boom 5.5 .015 10.0 
1 Seismometer 2.5 .007 10.0 
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TABLE 3.2: SCIENCE PAYLOAD MASS, VOLUME, AND POWER BUDGETS 

Entry  Science: 

Sur f  ace Sci ence : 

17 .005 14 

86 .300 128 

Bal loon Rover: 15 .050 10-20 

Surface Science and 
Computers/Data Storage: 155 .350 128 



24 - Determine t h e  q u a n t i t y  o f  p o l a r  i c e  and e s t i m a t e  t h e  q u a n t i t y  o f  
permafrost .  

- An i n - d e p t h  search f o r  l i f e  on Mars i s  n o t  recommended u n t i l  a 
thorough c h a r a c t e r i z a t i o n  o f  t h e  p l a n e t ' s  s u r f a c e  chemis t ry  i s  made. 

- The main purpose o f  t h i s  s tudy i s  t o  accomodate t h e  hardware 
requi rements o f  t h e  s c i e n t i f i c  o b j e c t i v e s  w i t h i n  t h e  mass c o n s t r a i n t s  
o f  t h e  miss ion .  

- C h a r a c t e r i z e  t h e  i n t e r f a c e  o f  a sc ience pay load t o  a dep loyab le  
remote sens ing  ba l loon.  

The V i k i n g  Lander has demonstrated t h a t  a p l a n e t a r y  probe can be b u i l t  
w i t h  r e g i o n a l  p l a n e t a r y  e x p l o r a t i o n  c a p a b i l i t i e s .  
s t u d i e d  was l i m i t e d  t o  t h e  immediate v i c i n i t y  o f  t h e  lander .  
accompl ish t h e  above-mentioned s c i e n t i f i c  o b j e c t i v e s ,  i t  i s  necessary t o  
i n c r e a s e  t h e  s c a l e  o f  t h e  e x p l o r a t i o n  c a p a b i l i t i e s  o f  t h e  probe b e i n g  
designed. The g l o b a l  s c a l e  e x p l o r a t i o n  c a p a b i l i t y  can be achieved by 
i n c r e a s i n g  t h e  number o f  l a n d i n g  s i t e s  and by i n c l u d i n g  a dep loyab le  b a l l o o n  
r o v e r  i n  t h e  lander .  
i n c l u d i n g  a l a n d  r o v e r  (<1 km). 

The s c i e n t i f i c  i n s t r u m e n t s  presented were s e l e c t e d  so  t h a t  a g r e a t  
v a r i e t y  o f  chemical  c h a r a c t e r i z a t i o n  techniques a r e  a v a i l a b l e  f o r  t h e  
subsequent des ign  o f  s p e c i f i c  exper iments a t  a l a t e r  t ime.  
a l l  c o n t a i n  f a c s i m i l e  cameras, a sc ience computer, and a meteorology dev ice.  
The p a r t i c u l a r  s c i e n c e  m i s s i o n  sequence w i l l  be eva lua ted  l a t e r .  
s a i d  f o r  now i s  t h a t  t h e  o p e r a t i o n  sequence w i l l  be complex due t o  t h e  
a v a i l a b i l i t y  o f  power and communications. 

The s i z e  o f  t h e  r e g i o n  
I n  o r d e r  t o  

The l a n d i n g  s i t e  r e g i o n  e x p l o r a t i o n  i s  extended by 

The payloads w i l l  

What can be 

3.3 M i s s i o n  Sequence Scenar ios 

The mass f o r  t h e  m i s s i o n  was s e l e c t e d  by t h e  Environment and 
Group t o  be 5,000 kg landed on t h e  s u r f a c e  o f  t h e  p l a n e t  a t  f i v e  d i  
l a n d i n g  s i t e s .  The S c i e n t i f i c  Payload Group worked w i t h  t h e  Ground 
Group and t h e  B a l l o o n  Group i n  o r d e r  t o  s i z e  a g i v e n  s c i e n t i f i c  pay 
t h e  p o s s i b l e  l a n d e r / r o v e r  mass budgets. 

3.3.1 Case 1 

T r a j e c t o r y  
f e r e n t  
Systems 
oad w i  t h i  n 

It was assumed i n i t i a l l y  t h a t  each 1,000 kg l a n d e r / r o v e r  s t r u c t u r e  o r  
mothersh ip  would l a n d  a t  a v e l o c i t y  o f  5 m/s. The r e - e n t r y  sequence i s  
l i k e  t h a t  o f  V ik ing ,  so t h a t  atmospher ic m o n i t o r i n g  w i l l  be s i m i l a r .  
A f t e r  land ing ,  a b a l l o o n  would be deployed and t h e  mothersh ip would hop 
about t h e  p l a n e t  f l y i n g  d u r i n g  t h e  day and l a n d i n g  a t  n i g h t .  
decrease t h e  we igh t  t o  be c a r r i e d  about, some b a l l a s t  c o u l d  be d iscarded 
i n  f l i g h t .  T h i s  approach h e l p s  t o  i n c r e a s e  t h e  l i f e t i m e  o f  t h e  b a l l o o n  
i n  t h e  a i r  and p r o v i d e s  an e f f i c i e n t  method o f  d i s t r i b u t i n g  severa l  t ypes  
o f  sensors;  i .e., seismometers. 
d u r i n g  day p e r i o d s  so t h a t  a l a n d  r o v e r  c o u l d  e x p l o r e  t h e  immediate 
v i c i n i t y .  
atmosphere and s u r f a c e  o f  t h e  p l a n e t  on b o t h  a r e g i o n a l  and g l o b a l  sca le.  

So as t o  

The mothersh ip c o u l d  a l s o  be anchored 

The mothersh ip would t h u s  be capable o f  e x p l o r i n g  b o t h  t h e  
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3.3.2 Case 2 

Re-entry and i n i t i a l  l a n d i n g  would be t h e  same as t h e  V i k i n g  miss ion  
and Case 1. 
c a r r y i n g  m e t e o r o l o g i c a l  and imaging dev ices and a l o n g  range sur face 
r o v e r  ( > l o  km) w i t h  s u r f a c e  a n a l y s i s  c a p a b i l i t i e s .  
be reduced compared t o  Case 1 because t h e  descent p r o p u l s i o n  sub-system 
and l a n d  r o v e r  would n o t  be c a r r i e d  along. 

Landing would be f o l l o w e d  by deployment o f  a b a l l o o n  

The l o f t e d  mass would 

3.3.3 Case 3 

A V i k i n g  t y p e  l a n d i n g  sequence. A b a l l o o n  i s  deployed w i t h  a 
meteorology/ imaging payload. The mothership,  i n  t u r n ,  deploys a s h o r t -  
range l a n d  rover .  
mothersh ip labs .  A t y p i c a l  m iss ion  c o u l d  c o n s i s t  o f  sampl ing d u r i n g  
d a y l i g h t  and a n a l y s i s  o f  samples a t  n i g h t .  

The r o v e r  would r e t r i e v e  samples t o  be analyzed i n  t h e  

The s e l e c t i o n  between t h e s e  t h r e e  cases was made i n  c o n j u n c t i o n  w i t h  t h e  
o t h e r  des ign groups. 
would be spent i n  t h e  massive l a n d i n g  s t r u c t u r e  necessary t o  s u r v i v e  m u l t i p l e  
land ings .  Also, t h e  tremendous b a l l o o n  s i z e  r e q u i r e d  t o  l o f t  t h e  pay load was 
deemed unacceptable.  Case 2 was d iscarded because, a l though t h e  descent 
p r o p u l s i o n  subsystem i s  l e f t  behind, s i g n i f i c a n t  mass would be needed f o r  t h e  
i n d i v i d u a l  l a n d i n g  s t r u c t u r e s  o f  each rover .  Also, t h e  s u r f a c e  r o v e r s  o f  t h e  
1990's a r e  expected t o  be o f  l i m i t e d  autonomy; thus,  implement ing a >10 km 
r o v i n g  c a p a b i l i t y  migh t  be poss ib le ,  b u t  very  complex. 

of  t h e  c o n s t r a i n t s  imposed by t h e  var ious  des ign groups. C e n t r a l i z i n g  t h e  
a n a l y s i s  p o r t i o n  of t h e  ground miss ion  a t  t h e  i n i t i a l  l a n d i n g  s i t e  avoids 
p o t e n t i a l  damage t o ,  o r  l o s s  o f ,  d e l i c a t e  s c i e n t i f i c  i n s t r u m e n t a t i o n .  The 
mass p e n a l t i e s  o f  c a r r y i n g  t h e  descent p r o p u l s i o n  subsystem and o f  r e i n f o r c e d  
l a n d i n g  s t r u c t u r e s  a r e  e l i m i n a t e d  and reduced, r e s p e c t i v e l y .  Furthermore, t h e  
mothersh ip can be adequately supported by a 1990's s u r f a c e  rover .  The adopted 

Case 1 was d iscarded because a g r e a t  deal  o f  t h e  mass 

The chosen s c e n a r i o  was Case 3. This  o p t i o n  accommodated t h e  sum t o t a l  

p r o v i d e s  b o t h  r e g i  onal  and g l  obal  c h a r a c t e r i  z a t  i on capabi 1 i t  i es . 
Mass Budaet and C o n s t r a i n t s  

s c e n a r i o  

3.4 

The mass c o n s t r a i n t s  f o r  each 5,000 kg o f  landed mass are :  

5 Lander/Rovers a t  f i v e  d i f f e r e n t  l a n d i n g  s i t e s  w/ l ,OOO kg each: 
Mothersh i  p : 400 kg ( s t r u c t u r e / r o v e r / s c i  ence pay l  oad) 
B a l l  oon : 300 kg ( b a l l  o o n / s t r u c t u r e / s c i  ence p a y l  oad) 
Reserve : 300 kg (unassigned) 

These c o n s t r a i n t s  were most r e s t r i c t i v e  i n  t h e  case o f  t h e  b a l l o o n  
subsystem. The t o t a l  non-bal loon mass would be l i m i t e d  t o  60 kg, which means 
t h a t  o n l y  15 kg a r e  a v a i l a b l e  f o r  a s c i e n t i f i c  payload. The mass c o n s t r a i n t s  
a r e  n o t  c r u c i a l  t o  t h e  sc ience pay load on t h e  mothersh ip because t h e r e  i s  
ample room and t h e  o n l y  moving s t r u c t u r e  i s  t h e  s u r f a c e  a c q u i s i t i o n  rover .  

3.5 Mothersh ip M i s s i o n  

The mothersh ip  m i s s i o n  i s  composed o f  two p a r t s :  
P a r t  A - E n t r y  Science 
P a r t  B - Sur face Science 
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3.5.1 P a r t  A - E n t r y  Science 

- The purpose o f  t h e  e n t r y  sc ience i s  t o  s tudy  t h e  upper atmosphere 

- The hardware w i l l  be conta ined w i t h i n  t h e  a e r o s h e l l  d u r i n g  e n t r y  

- The c o r e  o f  t h e  s tudy  c o n s i s t s  of  d e t e r m i n i n g  t h e  compos i t ion  and 

o f  Mars (>lo0 km). 

( i  .e., V i k i n g  t y p e  hardware). 

s t r u c t u r e  o f  t h e  upper atmosphere. 

3.5.2 P a r t  B - Sur face Science 

The purpose o f  t h e  s u r f a c e  sc ience m i s s i o n  i s  t o  c h a r a c t e r i z e  t h e  
geology and s u r f a c e  compos i t ion  o f  t e r r a i n  immediate (<1 km r a d i u s )  
t o  t h e  l a n d i n g  s i t e .  Also, a long- te rm l o c a l  environment 
c h a r a c t e r i z a t i o n  w i l l  be p o s s i b l e  w i t h  an on-board meteorology 
s t a t  i on. 
An i m p o r t a n t  element o f  t h e  s u r f a c e  m i s s i o n  w i l l  be t o  i n t e r f a c e  
t h e  sample a c q u i s i t i o n  and sample a n a l y s i s  hardware. 
Sample a c q u i s i t i o n  hardware w i l l  c o n s i s t  o f  a m o b i l e  s u r f a c e  r o v e r  
t h a t  can be programmed by an Earth-based opera tor .  
r o v e r  w i l l  be used t o  o b t a i n  c o r e  samples, r o c k / s o i l  samples, 
and s u r f a c e  images. 
Sample a n a l y s i s  hardware w i l l  c o n s i s t  o f  a s t a t i o n a r y ,  f u l l y  
automated 1 abora tory  capable o f  a n a l y z i n g  t h e  v a r i o u s  samples 
o b t a i n e d  by t h e  s u r f a c e  rover .  
Apar t  from sample a n a l y s i s  t h e  mothersh ip can per fo rm g l o b a l  
se ismic  s t u d i e s  o f  t h e  p l a n e t  when c o o r d i n a t i n g  w i t h  t h e  o t h e r  f o u r  
mot hers  h i  ps . 

The m o b i l e  

3.5.3 Ba l loon Rover Miss ion  

- The purpose of  t h e  b a l l o o n  r o v e r  i s  t o  extend t h e  g l o b a l  remote 
sensing c a p a b i l i t e s  o f  t h e  m i s s i o n  and t o  s tudy  a l a r g e r  c r o s s -  
s e c t i o n  o f  t h e  l o w e r  M a r t i a n  atmosphere. Also, i t  w i l l  ex tend t h e  
1 oca1 e n v i  ronment ( i  .e., meteorol  ogy ) c h a r a c t e r i  z a t  i on capabi  1 i t  i es 
by p r o v i  d i  ng a secondary ground-based meteorology s t a t i o n  once t h e  
b a l l  oon r o v e r  1 ands. - Fur ther ,  t h e  b a l l o o n  r o v e r  can r e l a t e  h i g h  a l t i t u d e  imaging o f  t h e  
t e r r a i n  immediate t o  t h e  l a n d i n g  s i t e  d u r i n g  deployment. 
images can be r e l a y e d  t o  an E a r t h  o p e r a t o r  t o  a i d  i n  t h e  s e l e c t i o n  
o f  p lanned paths f o r  t h e  s u r f a c e  a c q u i s i t i o n  r o v e r  (SAR). 
t y p e  of hazard avo idance/de terminat ion  c a p a b i l i t y  i s  reason enough 
t o  spend 3/10 o f  t h e  landed mass on t h e  b a l l o o n  rover .  - Hardware w i l l  c o n s i s t  o f  a b a l l o o n  c a r r y i n g  a 60 kg suppor t  pay load 
(Structure/Communications/Power) i n c l u d i n g  a 15 kg Science payload. - The b a l l o o n  pay load s c i e n t i f i c  i n s t r u m e n t a t i o n  w i l l  i n c l u d e  t h e  
f o l l o w i n g :  an atmospher ic spectrometer,  a v o l a t i l e  d e t e c t i o n  
device,  a neut ron  b a c k s c a t t e r  dev i  ce, a1 t i m e t e r  radar ,  2 down- 
1 ook i  ng f a c s i m i  1 e cameras, i r r a d i  ance sensors, and a meteorology 
boom. 

These 

Th is  
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3.6 Extended B a l l o o n  Rover Payload D e s c r i p t i o n  

The m i s s i o n  o f  t h e  b a l l o o n  r o v e r  begins w i t h  deployment f rom t h e  
mothership,  f r o m  where i t  w i l l  r i s e  t o  i t s  c r u i s i n g  a l t i t u d e  o f  1-2 km, 
depending on b a l l o o n  des ign and l o c a l  atmospher ic c o n d i t i o n s .  The 
on-board imaging dev ices w i l l  c h a r a c t e r i z e  t h e  l a n d i n g  s i t e  as t h e  
b a l l o o n  reaches i t s  maximum a l t i t u d e .  The b a l l o o n  r o v e r  w i l l  t h e n  t r a v e l  
w i t h  t h e  M a r t i a n  winds f o r  t h e  d u r a t i o n  o f  i t s  f l i g h t .  
t h e  b a l l o o n  r o v e r  can f l y  2-3 days. 

gas, r e s u l t i n g  i n  a s low descent t o  t h e  ground. Dur ing  a l l  phases o f  t h e  
miss ion,  t h e  pay load w i l l  be g a t h e r i n g  d a t a  c o n s t a n t l y .  From t h i s  
i n f o r m a t i o n  a d e t a i l e d  p r o f i l e  o f  t h e  lower  atmospher ic l a y e r s  of Mars 
may be developed. Also, d e t a i l e d  a e r i a l  photography o f  t h e  p l a n e t ' s  
s u r f a c e  w i l l  be Dossib le .  

It i s  hoped t h a t  

Dur ing  f l i g h t  t h e  b a l l o o n  l o s e s  l i f t  due t o  d i f f u s i o n  o f  t h e  l i f t i n g  

I n  t h e  f i n a l '  s tages o f  t h e  descent phase, t h e  r o v e r  w i l l  
t o  make i t s  l a n d i n g  a t  a p r o j e c t e d  2-5 m/s v e l o c i t y .  The b a l  
l o n g e r  hav ing  t h e  necessary buoyancy t o  l i f t  t h e  payload, w i l  
detached, 1 eav i  ng t h e  ins t ruments  permanent ly grounded. Once 
r o v e r  w i l l  c o n t i n u e  i t s  m e t e o r o l o g i c a l  s t u d i e s  as l o n g  as t h e  
source permi ts .  

ose enough 
oon, no 

be 
landed, t h e  
power 

The' s c i e n t i f i c  pay load i s  es t imated  t o  have an approximat volume of 
0.05 m3, and mass o f  15 kg. The pay load w i l l  consume f rom 17-35 w a t t s  o f  
power a t  any g i v e n  t ime.  
o r d e r  t o  reduce t h e  power requirement.  The power needs a t  any g i v e n  t i m e  
depend on which ins t ruments  a r e  i n  use. Dur ing  f l i g h t ,  t h e  cameras and 
t h e  a l t i m e t e r  w i l l  r u n  c o n s t a n t l y ,  r e q u i r i n g  t h a t  t h e  cameras be equipped 
f o r  ' n i g h t  v i s i o n '  ( IR) .  The i r r a d i a n c e  sensors w i l l  opera te  throughout ,  
and, thus,  may be used as a s w i t c h  t o  r e g u l a t e  c e r t a i n  systems. 

i s  y e t  t o  be determined. The l a n d i n g  s t r u c t u r e  and communications 
network o f  t h e  b a l l o o n  r o v e r  i s  n o t  known, so i t  i s  d i f f i c u l t  t o  s p e c i f y  
t h e  m i s s i o n  sequence a t  t h i s  t ime. 

The ins t ruments  w i l l  a l t e r n a t e  o p e r a t i o n  i n  

The o p e r a t i o n  sequence and p o s i t i o n i n g  o f  t h e  remain ing  ins t ruments  
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4.0 Ground Systems 

Objec t ives :  The purpose o f  t h e  Ground Systems group i s  t h r e e f o l d :  

1 )  t o  develop p r e l i m i n a r y  concepts and ideas  p e r t a i n i n g  t o  t h e  
s u r f a c e  o p e r a t i o n s  o f  a p l a n e t a r y  e x p l o r a t i o n  o f  Mars 

2) t o  e v a l u a t e  t h e s e  o p t i o n s  based on a s e t  o f  c r i t e r i a  determined 
by t h e  needs o f  t h e  m i s s i o n  

3) t o  narrow these ideas  and concepts i n t o  one workable system based 
on t h e  research o f  t h e  Ground Systems group and t h e  t h r e e  o t h e r  
groups i n  t h e  Mars Land Rover des ign c lass .  

M i s s i o n  Scenar ios:  Dur ing  t h e  course o f  t h e  academic q u a r t e r ,  severa l  
d i f f e r e n t  i d e a s  f o r  t h e  o v e r a l l  e x p l o r a t i o n  o f  t h e  p l a n e t  were considered. 
Among t h e  most f a v o r e d  concepts were t h e  f o l l o w i n g :  

1 )  t h e  o v e r a l l  m i s s i o n  b e i n g  c a r r i e d  o u t  by a b a l l o o n  r o v e r  
2 )  t h e  m i s s i o n  b e i n g  c a r r i e d  o u t  by b o t h  a b a l l o o n  r o v e r  and a 

s u r f a c e  r o v e r  deployed f rom a common mothersh ip 

The b a l l o o n  r o v e r / s u r f a c e  r o v e r  m i s s i o n  was adopted by t h e  c l a s s  as a whole 
and i s  used as t h e  b a s e l i n e  m i s s i o n  i n  t h i s  sec t ion .  

4.1 Landing Systems 

The l a n d i n g  system, b e i n g  v i t a l  t o  t h e  success o f  t h e  miss ion ,  was t h e  
f i r s t  component t o  be considered. Given t h e  s c e n a r i o  o f  t h e  h y b r i d  miss ion,  
t h e  need f o r  two separa te  and d i s t i n c t  l a n d i n g  systems i s  apparent. 
f i r s t  o f  t h e s e  landers ,  c a l l e d  t h e  i n i t i a l  lander ,  a p p l i e s  t o  t h e  l a n d i n g  o f  
t h e  mothership.  The second lander ,  c a l l e d  t h e  b a l l o o n  lander ,  a p p l i e s  t o  t h e  
l a n d i n g  o f  t h e  b a l l o o n  payload. 
systems a r e  covered as w e l l  as a v a r i a t i o n  on t h e  b a l l o o n  pay load l a n d e r  
capable o f  repeated 1 andi  ngs. 

The 

I n  t h e  f o l l o w i n g  sec t ions ,  t h e  two l a n d i n g  

4.1.1 I n i t i a l  Landina Svstem 

The i n i t i a l  l a n d i n g  system had t h e  f o l l o w i n g  requi rements 
p laced upon i t : 

1)  l a n d  1,000 kg pay load 
2) impact v e l o c i t i e s  up t o  5 m/s 
3 )  i m p a r t  l e s s  t h a n  30 g ' s  t o  t h e  pay load 
4 )  minimum system mass 
5) minimum s t o r a g e  mass 
6 )  pay load p r o t e c t i o n  d u r i n g  l a n d i n g  
7 )  s t a b l e  l a n d i n g  on i n c l i n e d  sur faces  
8) i n c o r p o r a t i o n  o f  descent t h r u s t e r s  i n  des ign  

The f i r s t  t h r e e  o f  t h e s e  requi rements were used as des ign parameters 
w h i l e  t h e  l a s t  f i v e  were used as c r i t e r i a  f o r  t h e  e v a l u a t i o n  and 
comparison of  t h e  cand ida te  systems. 

Three cand ida te  systems f o r  t h e  i n t i t i a l  l a n d i n g  systems were 
considered. F i g u r e  4.1 shows cand ida te  system 1, a pressure  b l a d d e r  
lander .  I n  t h i s  system, t h e  p r e s s u r i z e d  c a v i t y  absorbs t h e  impact energy 
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o f  t h e  pay load by compressing t h e  gas which a c t s  as a v a r i a b l e  r a t e  
spr ing .  
I n  t h i s  system, t h e  pay load impact energy i s  absorbed by a l i g h t w e i g h t  
c rushab le  m a t e r i a l  t h a t  surrounds t h e  payload. F i g u r e  4.3 shows 
cand ida te  system 3, a V i k i n g  s t y l e ,  m u l t i - l e g g e d  lander .  
system, t h e  k i n e t i c  energy o f  t h e  pay load i s  absorbed by c r u s h i n g  a 
honeycomb-1 i ke m a t e r i  a1 1 ocated i n i t s  outermost 1 egs . 

O f  t h e  t h r e e  l a n d i n g  systems considered, t h e  V i k i n g  t y p e  proved t o  be 
t h e  b e s t  c h o i c e  f o r  t h e  i n i t i a l  lander .  
l a n d e r  o f f e r  t h e  b e s t  ground c learance o f  t h e  t h r e e  systems, as w e l l  as 
t h e  p o s s i b i l i t y  o f  f o l d i n g  i t s  l e g s  f o r  s t o r a g e  purposes. 
systems o f f e r  v i r t u a l l y  no ground c learance and a r e  based on a l a r g e  
volume, t h u s  c o m p l i c a t i n g  t h e i r  s to rage i n  t h e  a e r o s h e l l  d u r i n g  
atmospher ic descent. 
system i s  b e t t e r  t h a n  t h e  o t h e r  cand ida te  systems. 
t h e  V i k i n g ' s  m u l t i - l e g g e d  arrangement. The l a n d i n g  l e g s  w i l l  conform 
i n d i v i d u a l l y  t o  t h e  contour ,  o r  s lope, o f  t h e  l a n d i n g  sur face ,  r e s u l t i n g  
i n  a more l e v e l  and s t a b l e  pay load o r i e n t a t i o n .  I n  a d d i t i o n ,  descent 
t h r u s t e r s  a r e  e a s i l y  deployed on t h e  V i k i n g  system due t o  ground 
c learance,  w h i l e  t h e  i n c o r p o r a t i o n  o f  descent t h r u s t e r s  on e i t h e r  t h e  
pressure  b l a d d e r  l a n d e r  o r  t h e  c rushab le  l a n d e r  would be a major  
engi  n e e r i  ng c h a l  1 enge. 
system, t h e  V i k i n g  l a n d e r  mass f r a c t i o n  i s  very  smal l .  For t h e  purpose 
of  e s t i m a t i n g  t h e  mass o f  t h e  V i k i n g  legs ,  a rough des ign  o f  t h e s e  
components was performed and appears i n  appendix 4.1. T h i s  des ign showed 
t h e  mass o f  t h r e e  l e g s  and d i s k s  t o  be approx imate ly  24 kg. It i s  
u n l i k e l y ,  based on p r e l i m i n a r y  est imates,  t h a t  t h e  mass f r a c t i o n  of 
e i t h e r  t h e  p r e s s u r e  b l a d d e r  l a n d e r  o r  t h e  c rushab le  l a n d e r  c o u l d  b e t t e r  
t h a t  o f  t h e  V i k i n g  lander .  F i n a l l y ,  t h e  technology o f  t h e  m u l t i - l e g g e d  
l a n d i n g  system i s  s imple,  w e l l  understood, and i s  a proven technology by 
v i r t u e  o f  two sucess fu l  V i k i n g  miss ions  t o  Mars. 
t h e  l a n d e r  i s  shown i n  F i g u r e  4.4. 

F i g u r e  4.2 shows cand ida te  system 2, a c rushab le  l a n d i n g  system. 

I n  t h i s  l a n d i n g  

The l e g s  on t h e  V i k i n g - s t y l e  

The o t h e r  two 

With respec t  t o  l a n d i n g  s t a b i l i t y ,  t h e  V i k i n g  
Th is  i s  due m o s t l y  t o  

Wi th respec t  t o  t h e  mass f r a c t i o n  o f  t h e  1 andi  ng 

A p r e l i m i n a r y  ske tch  o f  

4.1.2 B a l l  oon Pay1 oad Lander 

1 andi  ng system due t o  d i  ss imi  l a r  1 andi  ng c o n d i t i o n s  and pay1 oad 
requirements.  The i n i t i a l  l a n d i n g  system, complete w i t h  i t s  scheme of 
aerobrak ing,  parachutes,  and descent t h r u s t e r s  can e x e r c i s e  a degree of 
c o n t r o l  o v e r  l a n d i n g  v e l o c i t i e s  and l o c a t i o n s .  
lander ,  i n  c o n t r a s t ,  has no c o n t r o l  o v e r  i t s  l a n d i n g  c o n d i t i o n s .  
t e r r a i n  i t  w i l l  encounter  may vary  c o n s i d e r a b l y  and winds a r e  i n e v i t a b l e ,  
which w i  11 cause a h o r i  z o n t a l  1 andi  ng v e l  o c i  t y  . 
w i t h  a smal l  b a l l o o n  pay load c a p a c i t y ,  pose unique des ign  problems. 
l o g i c a l  des ign  ph i losophy f o r  t h i s  system i s  one o f  r e s i l i e n c e .  
t h i s  ph i losophy,  t h e  f o l l o w i n g  requi rements were developed: 

The b a l l o o n  pay load l a n d i n g  system i s  very  d i f f e r e n t  f rom t h e  i n i t i a l  

The b a l l o o n  pay load 
The 

These c o n d i t i o n s ,  a1 ong 
A 

From 

1 )  l a n d  a 50 kg o r  s m a l l e r  pay load 
2) l a n d  a t  v e l o c i t i e s  up t o  5 m/s 
3)  payload d e c e l e r a t i o n  o f  30 g ' s  
4)  l a n d  i n  t h e  presence o f  wind 
5) v a r i e d  l a n d i n g  t e r r a i n  
6) p r o t e c t  pay load f rom impact damage 
7 )  s t a b l e  l a n d i n g  dynamics 
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The f i r s t  t h r e e  requi rements were considered as system des ign  parameters, 
w h i l e  t h e  l a s t  f o u r  were used t o  develop and e v a l u a t e  c a n d i d a t e  systems. 

Four d i f f e r e n t  concepts were considered f o r  t h e  b a l l o o n  pay load 
l a n d i n g  system. F i g u r e  4.5 shows t h e  candidates f o r  t h i s  system, a 
p ressure  b l a d d e r  1 ander, a s p r i  ng/shock absorber  1 ander, a c rushab le  
lander ,  and a V i k i n g - s t y l e  lander .  I n  t h e  f i r s t  system, t h e  l a n d e r  
absorbs t h e  pay load k i n e t i c  energy upon impact  by t h e  d e f l e c t i o n  o f  t h e  
p r e s s u r i z e d  bag. I n  a d d i t i o n ,  t h i s  b l a d d e r  i s  p r o t e c t e d  f rom t h e  l a n d i n g  
s u r f a c e  by a s h e l l .  Th is  s h e l l  m igh t  c o n s i s t  o f  a r e s i l i e n t  m a t e r i a l ,  
such as a h a r d  rubber  o r  an impact p l a s t i c ,  o r  i t  may c o n s i s t  o f  a 
l i g h t w e i g h t  and r i g i d  m a t e r i a l  such as a m e t a l l i c  a l l o y .  
absorber 1 ander i s  s i m i  1 a r  conceptual  l y  t o  t h e  pressure  b l a d d e r  1 ander 
b u t  d i f f e r s  i n  i t s  energy a b s o r b t i o n  technique. Here t h e  pressure  
b l a d d e r  i s  rep laced by an a r r a y  o f  spr ings  and shock absorbers. 
a r r a y  i s  surrounded by a l a n d i n g  s h e l l  much t h e  same shape and m a t e r i a l  
compos i t ion  as t h e  pressure  b l a d d e r  l a n d i n g  system. The t h i r d  l a n d i n g  
concept i s  t h e  c r u s h a b l e  l a n d i n g  system. 
by a low s t r e n g t h ,  c rushab le  m a t e r i a l  t h a t  y i e l d s  t o  absorb impact energy 
and t o  p r o t e c t  t h e  payload. The f o u r t h  system, a V i k i n g - s t y l e  lander ,  i s  
t h e  same c o n c e p t u a l l y  as t h e  i n i t i a l  l a n d i n g  system. 
l e g s  suppor t  t h e  pay load and absorb impact energy. 

b e s t  c h o i c e  f o r  a b a l l o o n  pay load lander .  
a l though used i n  t h e  l a n d i n g  o f  t h e  mothership,  i s  n o t  v i a b l e  h e r e  due t o  
t h e  v a r i e d  l a n d i n g  t e r r a i n s  and t h e  presence of  h o r i z o n t a l  l a n d i n g  
v e l o c i t y  components. These c o n d i t i o n s  a lone would p resent  ma jor  o b s t a c l e s  
t o  m a i n t a i n i n g  t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  l a n d i n g  legs.  The s p r i n g /  
shock absorber  l a n d e r  has, when compared t o  t h e  pressure  b l a d d e r  lander ,  a 
h i g h e r  mass f r a c t i o n  due t o  i t s  heavy s p r i n g  and shock absorber  system. 
I n  a d d i t i o n  t o  a h i g h  mass f r a c t i o n ,  t h e  spr ing/shock system s u f f e r s  f rom 
concent ra ted  loads  on t h e  l a n d i n g  s h e l l  d u r i n g  impact, t h u s  r e q u i r i n g  a 
p o t e n t i  a1 l y  h e a v i e r  1 andi  ng she1 1. The pressure  b l a d d e r  1 ander, on t h e  
o t h e r  hand, has a more u n i f o r m  pressure  d i s t r i b u t i o n  on t h e  s h e l l  and t h e  
mass o f  t h e  gas i s  a lmost  n e g l i g i b l e .  I n  one design, t h e  gas mass was on 
t h e  o r d e r  o f  severa l  hundred grams. The c rushab le  l a n d e r  s u f f e r s  from 
1 arge s t o r a g e  s i z e  r e q u i  rements and s t r u c t u r a l  i n t e g r i  t y  problems. 
c rushab le  m a t e r i a l ,  b e i n g  o f  a low y i e l d  s t r e n g t h ,  r e q u i r e s  a p o t e n t i a l l y  
l a r g e  volume f o r  l a n d i n g s  i n  t h e  30 g range. An a n a l y s i s  performed i n  
Appendix 4.2 shows a s t o r a g e  volume o f  .25 m3. 
as b e i n g  t o o  l a r g e  t o  be s t o r e d  i n  t h e  mothersh ip p r i o r  t o  b a l l o o n  r o v e r  
deployment. The u n i n f l a t e d  pressure  b ladder ,  on t h e  o t h e r  hand, has t h e  
p o t e n t i a l  t o  be d e f l a t e d  d u r i n g  s torage,  t h u s  l i m i t i n g  i t s  s t o r a g e  s i z e  t o  
s l i g h t l y  more t h a n  t h e  pay load volume. 
c rushab le  l a n d e r  i s  a s e r i o u s  problem. 
y i e l d  s t r e n g t h  m a t e r i a l ,  i s  n o t  l i k e l y  t o  have a h i g h  u l t i m a t e  s t r e n g t h .  
I f  t h e  l a n d e r  should impact a s u r f a c e  obs tac le ,  such as a rock,  d u r i n g  
1 anding w i t h  any h o r i z o n t a l  v e l o c i t y  component, t h e  c rushab le  p o r t i o n  i s  
i n  danger o f  b e i n g  removed, i n  whole o r  i n  p a r t ,  f rom t h e  payload. Th is  
would t h e n  l e a v e  t h e  pay load v u l n e r a b l e  t o  damage. 

ph i losophy o f  r e s i l i e n c e  can be maintained. 
r e s i l i e n c e  i s  due t o  a s leek  shape and r i g i d  c o n s t r u c t i o n  o f  t h e  s h e l l .  
The shape can a l l o w  t h e  s h e l l  t o  e a s i l y  d e f l e c t  over  and around sur face  
o b s t r u c t i o n s ,  t h u s  m i n i m i z i n g  t h e  impacts. 

The spr ing/shock 

This  

Here t h e  pay load i s  surrounded 

Here t h e  l a n d i n g  

O f  t h e  f o u r  concepts considered, t h e  pressure  b l a d d e r  system i s  t h e  
The V i k i n g - s t y l e  lander ,  

The 

Th is  volume i s  regarded 

The s t r u c t u r a l  i n t e g r i t y  of a 
The c rushab le  m a t e r i a l ,  a low 

Wi th  t h e  a d o p t i o n  o f  t h e  pressure  b l a d d e r  system, t h e  des ign 
A g r e a t  dea l  o f  t h i s  

The s e l e c t i o n  o f  s h e l l  
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crushable  mater ia l  
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D .  Viking Style Lander 

Figure 4 .5  Balloon Payload Lander Candidate Systems 
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m a t e r i a l  and t h e  d e s i g n  o f  t h e  s h e l l  b o t h  have a tremendous i n f l u e n c e  on 
t h e  mass f r a c t i o n  o f  t h e  l a n d e r  system. I d e a l l y ,  t h e  s h e l l  c o u l d  be 
c o n s t r u c t e d  o f  a m a t e r i a l  t h a t  has a h i g h  strength/mass r a t i o ,  a smooth 
s u r f a c e  f i n i s h ,  and good low temperature s t a b i l i t y .  
m a t e r i a l  must be immune t o  chemical r e a c t i o n s  w i t h  t h e  M a r t i a n  sur face.  
The l a n d e r  s h e l l  des ign  and t h e  m a t e r i a l  s e l e c t i o n  has n o t  y e t  been 
performed and represents  an area f o r  f u r t h e r  research. 

I n  a d d i t i o n ,  t h e  

4.1.3 Pressure Bladder  Performance 

o f  volumes and pressures,  was developed assuming an i d e a l  b l a d d e r  gas 
such as He o r  C02. 
e s t a b l i s h e d  u s i n g  t h e  i d e a l  gas law and t h e  F i r s t  Law o f  Thermodynamics. 
T h i s  r e l a t i o n s h i p  i s :  

A model f o r  t h e  performance o f  t h e  pressure  b l a d d e r  system, i n  terms 

A r e l a t i o n s h i p  o f  work, pressure,  and volume can be 

where: W12 i s  t h e  work done by t h e  pressure  b l a d d e r  
P i  i s  t h e  i n i t i a l  p ressure  o f  t h e  c losed system 
V i  i s  t h e  i n i t i a l  volume o f  t h e  c l o s e d  system 
V2 i s  t h e  f i n a l  volume o f  t h e  c l o s e d  system 

(see Appendix 4.3 f o r  d e r i v a t i o n )  

From t h i s  mathematical  r e l a t i o n s h i p ,  F i g u r e  4.6 was produced. Here a 
g r a p h i c a l  r e l a t i o n s h i p  between t h e  v a r i a b l e s  V i ,  P i .  and P2 i s  shown. 
From t h i s ,  i t  can be seen t h a t  t h e  f i n a l  b l a d d e r  pressure,  a f f e c t i n g  t h e  
des ign  s t r e s s e s  o f  t h e  system, i s  t r a d e d  w i t h  t h e  i n i t i a l  volume of 
t h e  system. I n  genera l ,  peak b ladder  pressures a r e  q u i t e  smal l ,  o f t e n  
l e s s  t h a n  64 kPa. F i g u r e  4.7 was d e r i v e d  f rom a mathematical  
r e l a t i o n s h i p  shown i n  Appendix 4.4. Here, t h e  r e l a t i o n s h i p  between t h e  
i n i t i a l  volume and t h e  maximum payload d e c e l e r a t i o n  i s  shown. For  t h e  
l a n d i n g s  o f  a 50 kg pay load i n  t h e  30 g range, a minimum volume f o r  t h e  
system i s  approx imate ly  .1 m3. 
t h e  peak b l a d d e r  p ressure  i s  unreasonable. 
f e a s i b i l i t y  o f  t h i s  system f o r  smal l  payloads l i k e  t h a t  o f  t h e  b a l l o o n  
rover .  

Problems o f  pay load v i b r a t i o n  w i t h  t h e  pressure  b l a d d e r  system a r e  
l i k e l y  t o  occur  due t o  t h e  low b l a d d e r  gas pressures and t h e  s p r i n g - l i k e  
n a t u r e  of gases. Some s o r t  o f  damping scheme i s  needed t o  p revent  severe 
pay load o s c i l l a t i o n s .  Some p o s s i b l e  s o l u t i o n s  t o  t h i s  problem may 
i n c l u d e :  a ' s low r e l e a s e '  shock absorber,  a s t r e s s  r e l i e f  t h a t  blows o u t  
a t  peak pressure,  o r  a r a t c h e t  mechanism t o  r e s t r a i n  pay load movement. 
A t  present ,  no i n - d e p t h  a n a l y s i s  o f  t h i s  problem has been performed. 
This ,  too ,  r e p r e s e n t s  an area f o r  f u r t h e r  research. 

N e i t h e r  t h e  minimum volume c o n s t r a i n t  n o r  
T h i s  serves t o  r e i n f o r c e  t h e  

4.1.4 Repeat ab1 e B a l l  oon Pay1 oad Lander 

E a r l y  i n  t h e  development o f  t h e  b a l l o o n  pay load lander ,  a system 
capable o f  repeated l a n d i n g s  was sought. Even though t h e  c u r r e n t  pay load 
l a n d e r  i s  used f o r  one l a n d i n g  on ly ,  c o n s i d e r a b l e  e f f o r t  was d i r e c t e d  
toward  t h e  development o f  a repeatab le  l a n d i n g  system and i t s  a p p l i c a t i o n  
t o  a b a l l o o n  r o v e r  miss ion.  The f o l l o w i n g  i s  a notewor thy a n a l y s i s  of 
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t h e  performance o f  a repeatable,  p ressure  b l a d d e r  s t y l e  b a l l o o n  pay load 
1 ander. 

system requi rements f o r  t h i s  system a r e  as t h e y  were f o r  t h e  s i n g l e  
l a n d i n g  system d iscussed e a r l i e r .  
repeated here. 

The ph i losophy o f  t h i s  system, once again,  i s  one o f  r e s i l i e n c e .  

For  t h e  sake o f  c l a r i t y ,  t h e y  a r e  

The 

The system requi rements are:  

1) l a n d  a 50 kg o r  s m a l l e r  pay load 
2) l a n d  a t  v e l o c i t i e s  up t o  5 m/s 
3 )  payload d e c e l e r a t i o n  o f  l e s s  t h a n  30 g ' s  
4 )  l a n d  i n  t h e  presence of  winds 
5 )  v a r i e d  l a n d i n g  t e r r a i n  
6)  p r o t e c t  pay load f rom damage 
7) s t a b l e  l a n d i n g  dynamics 

Some a d d i t i o n a l  problems must be addressed, such as pay load dragg ing  a t  
n i g h t  and d u r i n g  b a l l o o n  ascent. 
problems l i k e  pay load snagging on s u r f a c e  o b s t r u c t i o n s  can occur.  
system r e s i l i e n t  t o  impact  and snagging needs t o  be developed. 

F i g u r e  4.8 shows t h e  b a s i c  system concept. The impact  energy 
a b s o r b t i o n  t e c h n i q u e  i s  accomplished by t h e  pressure  b l a d d e r  system. 
The l a n d i n g  s h e l l  sur round ing  t h e  b l a d d e r  i s  much t h e  same as t h a t  
p r e v i o u s l y  d iscussed f o r  t h e  non-repeatable lander .  
o f  t h i s  system t h a t  d i s t i n g u i s h e s  i t  f rom t h e  o t h e r  system i s  i t s  b a l l o o n  
t e t h e r i n g  method and t h e  placement o f  i t s  c e n t e r  o f  mass. 

The b a l l o o n  t e t h e r  i s  connected t o  t h e  pay load v i a  a gimbal mechanism 
shown i n  F i g u r e  4.9. 
pay load o r i e n t a t i o n  and t h e  b a l l o o n  t e t h e r  i s  f r e e  t o  move a l o n g  t h e  r a i l  
o f  t h e  gimbal.  T h i s  i s  used i n  c o n j u n c t i o n  w i t h  an o f f s e t  c e n t e r  of mass 
t o  o b t a i n  t h e  d e s i r e d  l a n d e r  o r i e n t a t i o n .  

i l l u s t r a t e d  i n  F i g u r e s  4.10, 4.11, and 4.12, r e s p e c t i v e l y .  The advantage 
o f  t h i s  a t t i t u d e  i s  apparent when pay load dragg ing  across t h e  sur face i s  
an issue.  I d e a l l y ,  i t  impacts  between s u r f a c e  obs tac les ,  and t h e  pay load 
shock i s  min imized i n  o r d e r  t o  i n s u r e  pay load s u r v i v a l .  
a t t i t u d e  a l l o w s  i t  t o  d e f l e c t  over  and around s u r f a c e  o b s t r u c t i o n s ,  t h u s  
m i  n imi  z i n g  t h e  impact.  

The i n c l i n e d  l a n d e r  o r i e n t a t i o n  i s  a p h y s i c a l l y  s t a b l e  a t t i t u d e  due 
t o  t h e  combinat ion o f  t h e  gimbal and t h e  o f f s e t  c e n t e r  o f  mass. F i g u r e  
4.10 shows t h e  s teady s t a t e  o r i e n t a t i o n  o f  t h e  l a n d e r  d u r i n g  f l i g h t .  
t h e  r o t a t i o n  and t r a n s l a t i o n  o f  t h e  b a l l o o n  c a b l e  f i x t u r e  and t h e  gimbal,  
t h e  c e n t e r  o f  mass i s  " f o r c e d "  t o  f o l l o w  t h e  d i r e c t i o n  o f  t r a v e l .  When 
t h e  b a l l o o n  system descends and lands,  t h e  l a n d e r  encounters t h e  ground 
a t  t h e  f l i g h t  ang le  and, t h e n  r o t a t e s  down t o  f u l l  c o n t a c t  w i t h  t h e  
sur face.  Dur ing  ascent,  t h e  c e n t e r  o f  mass and t h e  l a n d e r  a t t i t u d e  w i l l  
r e o r i e n t  themselves f o r  renewed o b s t a c l e  avoidance. 

Dur ing  t h e s e  t imes,  very  s e r i o u s  
A 

The c h a r a c t e r i s t i c s  

T h i s  gimbal i s  f r e e  t o  r o t a t e  independent o f  t h e  

The l a n d e r  o r i e n t a t i o n  d u r i n g  f l i g h t ,  land ing ,  and ascent  i s  

T h i s  l a n d e r  

By 

4.2 Sample A q u i s i t i o n  Rover Power Requirements/Mission Power Systems 

4.2.1 I n t r o d u c t i o n  

The sample a c q u i s i t i o n  r o v e r  (SAR) i s  a s u r f a c e  r o v e r  ded ica ted  t o  
c o l l e c t i n g  M a r t i a n  s u r f a c e  samples, s t o r i n g  them, and r e t u r n i n g  them t o  
t h e  mothership.  The SAR i s  c o n c e p t u a l l y  an "extended arm" of  t h e  
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mothership.  
s i t e .  
power systems a r e  analyzed. 
autonomy, and m o b i l i t y  concerns p e r t a i n i n g  t o  t h e  SAR a r e  discussed. 

Thus, i t s  m i s s i o n  i s  l i m i t e d  t o  t h e  area near  t h e  l a n d i n g  
I n  t h i s  s e c t i o n ,  t h e  locomot ion power requi rements and p o s s i b l e  

I n  t h e  f o l l o w i n g  sec t ions ,  communication, 

4.2.2 Locomotion Power Requirements 

Locomotion power, d e f i n e d  as t h e  n e t  power i n p u t  t o  t h e  m o b i l i t y  
elements, i s  analyzed based on t h e  f o l l o w i n g  assumptions: 

1 )  average t r a v e r s e  s l o p e  = 5' 
2)  maximum t r a v e r s e  s l o p e  = 35' 
3) Mars g r a v i t a t i o n a l  f i e l d  = 3.79 m/sec2 
4) s ix-wheeled m o b i l i t y  system 
5) steady s t a t e  c o n d i t i o n s  
6 )  o v e r a l l  e f f i c i e n c y  o f  45% 

From t h e s e  assumptions and t h e  mathematical r e l a t i o n s h i p  d e r i v e d  i n  
Appendix 4.5, F i g u r e s  4.13 and 4.14 resu l ted .  
average s teady s t a t e  power requirements f o r  severa l  d i f f e r e n t  r o v e r  
masses. 
l e s s  t h a n  25 w a t t s  f o r  t r a v e r s e s  under 20 cm/second. However, F i g u r e  
4.14 shows t h a t  peak power requirements a r e  around 120 wat ts .  
f i g u r e s  a r e  q u i t e  h i g h  when compared t o  t h e  average power consumption. 
D i f f e r e n t  methods o f  cop ing  w i t h  peak requi rements may i n c l u d e  t h e  use 
o f  b a t t e r i e s  t o  supplement power under peak demands and/or s lower  
t r a v e r s e  speeds. 

F i g u r e  4.13 shows t h e  

These power consumption f i g u r e s  a r e  q u i t e  reasonable, g e n e r a l l y  

These 

4.2.3 Power System Opt ions 

F i g u r e  4.15 shows v a r i o u s  power system o p t i o n s  and t h e i r  r e s p e c t i v e  
c h a r a c t e r i s t i c s .  Each o f  t h e  t h r e e  systems ( t h e  mothership,  t h e  SAR, and 
t h e  b a l l o o n  r o v e r )  r e q u i r e  a separate,  t a i l o r e d  power system. The 
mothersh ip r e q u i r e s  a l a r g e ,  r e l i a b l e ,  and i n d e f i n i t e  power system, while 
t h e  b a l l o o n  r o v e r  r e q u i r e s  a smal l ,  f i n i t e ,  l i g h t - w e i g h t  power supply .  
The SAR r e q u i r e s  a combinat ion o f  t h e s e  two systems. 

r e l i a b l e  power source. I n  a d d i t i o n ,  
ques t ions  have r e c e n t l y  a r i s e n  concern ing t h e  s a f e t y  o f  ear th -1  aunching 
t h e s e  r a d i o a c t i v e  systems. Desp i te  t h e s e  drawbacks, RTG's remain a good 
c h o i c e  f o r  heavy d u t y  power systems l i k e  t h a t  r e q u i r e d  by t h e  mothersh ip 
and t h e  SAR. 
g lance, a r e  i n t e r m i t t e n t  and o f f e r  no s i g n i f i c a n t  weight  advantage over  
t h e  RTG. 

RTG's, r a d i o i s o t o p e  t h e r m o - e l e c t r i c  generators ,  a r e  a rugged and 
They a r e  a l s o  heavy and expensive. 

P h o t o v o l t a i c  a r rays ,  seemingly a good source a t  f i r s t  

O f  t h e  two b a t t e r y  types  l i s t e d  i n  F i g u r e  4.15, l i t h i u m  b a t t e r i e s  
o f f e r  t h e  b e s t  power t o  mass r a t i o  b u t  a r e  o f  a f i n i t e  l i f e .  
c e l l s ,  on t h e  o t h e r  hand, a r e  h e a v i e r  b u t  have a much l o n g e r  l i f e  span. 
F o r  t h e  b a l l o o n  rover ,  t h e  c h o i c e  o f  l i t h i u m  b a t t e r i e s  i s  l o g i c a l ,  and, 
f o r  t h e  SAR, t h e  c h o i c e  o f  Ni-Cad c e l l s  f o r  supplementary power i s  
equal  l y  1 o g i  c a l  . 

Ni-Cad 



4 2  

average rover locomotion power 

Figure  4.13 
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peak rover locomotion power 

Figure 4.14 
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M I S S I O N  POWER SYSTEMS 

RTG 

P h o t o v o l t a i c  Arrays* 

5 watts/kg 

37.5 watts/m2 

1.5 kg/m2 

L i t h i u m  B a t t e r i e s  250 watt  h r/ kg 

Rechargeable N i  -Cad B a t t e r i e s  30 w a t t * h r / k g  

assumed under i d e a l  M a r t i a n  c o n d i t i i o n s  * 

F i g u r e  4.15: Power Systems 
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4.3 Rover Svstem 

4.3.1 Guidance Systems 

t h e  Ground System group 's  main o b j e c t i v e  d u r i n g  t h i s  
phase o f  t h e  c l a s s  was t o  dec ide  what degree o f  autonomy would be 
r e q u i r e d  f o r  each o f  t h e  p o s s i b l e  r o v e r / l a n d e r  c o n f i g u r a t i o n s  and t o  
g a t h e r  i n f o r m a t i o n  on t h e  f e a s i b i l i t y  o f  meet ing t h o s e  requirements.  

t h r e e  genera l  groups: 

O b j e c t i v e :  

Opt ions:  t h e  p o s s i b l e  l a n d e r / r o v e r  c o n f i g u r a t i o n s  were d i v i d e d  i n t o  

1)  A s h o r t  range system i n  which t h e  Sample A c q u i s i t i o n  Rover 
(SAR) would remain c l o s e  t o  t h e  i n i t i a l  lander .  
t h i s  r o v e r  f r o m  t h e  i n i t i a l  l a n d e r  was s e t  a t  1 km. Samples 
would be r e t u r n e d  t o  t h e  i n i t i a l  l a n d e r  f o r  a n a l y s i s .  

2)  A medium range system i n  which t h e  SAR would remain w i t h i n  a 
5 km range o f  t h e  i n i t i a l  lander .  The SAR would r e t u r n  t o  t h e  
i n i t i a l  l a n d e r  t o  d e p o s i t  samples which i t  c o l l e c t e d ,  and t h e  
sample a n a l y s i s  would be done i n  t h e  i n i t i a l  lander .  

3) A l o n g  range system i n  which t h e  SAR would n o t  be l i m i t e d  by 
any s p e c i f i c  range and would n o t  be r e q u i r e d  t o  r e t u r n  samples 
t o  t h e  i n i t i a l  l a n d e r  f o r  ana lys is .  A l l  t h e  s c i e n t i f i c  
pay load would be c a r r i e d  on board t h e  SAR. 

The range o f  

Re u i rements t h e  requi rements o f  each o f  t h e  t h r e e  genera l  l a n d e r /  
r o v e r  -+-- con i g u r a t i o n s  a r e  considered below. 

1 )  Shor t  Range System: The requirements o f  t h e  s h o r t  range 
system i n c l u d e  t h e  a b i l i t y  on t h e  p a r t  o f  ground c o n t r o l  t o  
opera te  t h e  SAR remotely.  
b o t h  t h e  r o v e r  and on t h e  l a n d e r  i t  would be p o s s i b l e  t o  gu ide 
t h e  SAR t o t a l l y  by remote c o n t r o l .  Th is  would be accomplished 
by s t u d y i n g  photographs sent  back by b o t h  t h e  i n i t i a l  l a n d e r  
and t h e  SAR and p l o t t i n g  a course f o r  t h e  SAR on t h e  b a s i s  o f  
t h e  t h r e e  d imensional  photographs received.  The SAR would 
t h e n  be programmed remote ly  t o  f o l l o w  t h a t  course. 

The requi rements o f  t h i s  system d i f f e r  
f r o m  t h e  s h o r t  range system o n l y  i n  t h e  p o s s i b l e  need f o r  some 
autonomy on t h e  p a r t  o f  t h e  SAR i n  o r d e r  t o  a v o i d  obs tac les .  
I n  t h i s  case, t h e  SAR would be programmed t o  f o l l o w  a course 
determined by ground c o n t r o l  on t h e  b a s i s  o f  t h r e e  d imensional  
p i c t u r e s  sent  t o  E a r t h  f r o m  cameras mounted on t h e  SAR. Some 
degree o f  autonomy would h e l p  t o  p r o t e c t  t h e  SAR i n  case of  an 
undetected o b s t a c l e  o r  a programming e r r o r  on t h e  p a r t  of  
ground c o n t r o l .  

3)  Long Range System: 
d i f f e r  g r e a t l y  f rom t h e  requi rements o f  t h e  s h o r t  and medium 
range systems. Since t h i s  system would be c a r r y i n g  a l l  t h e  
s c i e n t i f i c  pay load on board, i t  would have t o  be l a r g e r  and 
would r e q u i r e  more power. It would have t o  communicate 
d i r e c t l y  w i t h  t h e  o r b i t e r  as compared t o  communicating th rough 
t h e  i n i t i a l  l a n d e r  t o  t h e  o r b i t e r .  Because o f  a d e s i r e  t o  
cover  a l a r g e  amount o f  t e r r i t o r y ,  t h e  p o s s i b i l i t y  o f  a f u l l y  
autonomous SAR was considered. 

By mount ing a 3-0 camera system on 

2)  Medium Range System: 

The requi rements o f  t h e  l o n g  range system 
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I n  o r d e r  f o r  t h e  system t o  be 
E v a l u a t i o n :  one o f  t h e  f i r s t  t h i n g s  cons idered was t h e  f e a s i b i l i t y  

o f  a f u l l y  autonomous system f o r  t h e  SAR. 
f u l l y  autonomous, i t  would have t o  know where i t  i s  w i t h  respec t  t o  i t s  
d e s t i n a t i o n  a t  a l l  t imes.  It would have t o  be a b l e  t o  p l a n  a p a t h  and 
a l s o  t o  m o d i f y  t h a t  p a t h  depending upon what obs tac les  i n  t h e  p a t h  were 
met. A genera l  p a t h  p l a n  would be g i v e n  t o  t h e  SAR f rom ground c o n t r o l  
which would c o n t a i n  i n f o r m a t i o n  on which d i r e c t i o n  t h e  SAR should go and 
what t y p e  o f  samples t o  c o l l e c t ,  e tc .  But  t h e  i n d i v i d u a l  p a t h  d e c i s i o n s  
would have t o  be made by t h e  SAR. The v e h i c l e  must have c a p a b i l i t i e s  t o  
''remember" some i n f o r m a t i o n  about where i t  has been. Not a l l  o b s t a c l e s  
need t o  be remembered. 
v e h i c l e ' s  p a t h  and t h o s e  which l e a d  t o  dead ends. 

I n t e r n a t i o n a l .  
r e f l e c t e d  l i g h t .  
t h e  images f r o m  severa l  perspect ives.  Most systems a v a i l a b l e  now cannot 
work on a r e a l - t i m e  bas is .  
A r t i f i c i a l  I n t e l l i g e n c e  l a b o r a t o r i e s  uses a s l i d i n g  r a i l  imaging 
system. It t a k e s  approx imate ly  10-15 minutes o f  computing t i m e  t o  
dec ide  on i t s  nex t  1 meter  move. As t h e  above i n f o r m a t i o n  i n d i c a t e s ,  a 
f u l l y  autonomous system t h a t  operates i n  r e a l - t i m e  i s  a d i f f i c u l t  
o b j e c t  i ve. 

One o f  t h e  problems which researchers a r e  work ing  on now i s  t h e  f a c t  
t h a t  as t h e y  t r y  t o  f e e d  a r o v e r  more and more i n f o r m a t i o n  about i t s  
environment i n  o r d e r  t o  h e l p  i t  make b e t t e r  dec is ions ,  t h e y  a r e  c r e a t i n g  
another  problem which i n v o l v e s  t h e  t i m e  needed t o  process and 
c o n t i n u a l l y  update t h a t  i n f o r m a t i o n .  
d i r e c t i o n  o f  s o r t i n g  o u t  d a t a  which i s  n o t  needed. 
r o v e r  t o  come c l o s e r  t o  r e a l - t i m e  system responses r a t h e r  t h a n  w e l l -  
reasoned p lans.  The use o f  p a r a l l e l  p rocess ing  c o u l d  a l s o  be a p o s s i b l e  
s t o p  towards a s o l u t i o n  t o  some o f  t h e  problems o f  d a t a  a n a l y s i s  on a 
r e a l  - t ime bas is .  

The 
system used i n  t h e  ' ' ca r t "  p r o j e c t  c o u l d  d i s t i n g u i s h  o b s t a c l e s  such as 
t rees ,  c h a i r s ,  garbage cans, and l a r g e  rocks,  b u t  i t  c o u l d  n o t  "see" a 
smooth w a l l  i n  f r o n t  o f  it. The s t r o b e  system used by t h e  S.R.I. r o b o t  
o n l y  works w e l l  on s p e c i f i c  geometr ic  shapes. It w i l l  be necessary t o  
f i n d  new methods o f  sens ing  t h e  environment o r  a b e t t e r  combinat ion of 
t h e  present  methods. One p o s s i b l e  method o f  sens ing i s  t h e  use of 
u 1 t ra-sound. 

m i l i t a r y  which uses a l a s e r  scanner and can f o l l o w  a paved road a t  
approx imate ly  5 km/hour. 
1987. T h i s  v e h i c l e  w i l l  use two h i g h - r e s o l u t i o n  c o l o r  T.V. cameras and 
a l a s e r  scanner t o  g e t  env i ronmenta l  i n f o r m a t i o n .  

The c o n c l u s i o n  o f  t h e  Ground Systems group concern ing  t h e  use of a 
f u l l y  autonomous system i s  t h a t  t h e  s t a t e  o f  t h e  a r t  a t  p r e s e n t  and i n  
t h e  near  f u t u r e  i s  n o t  adequate t o  f i l l  t h e  needs o f  a f u l l y  autonomous 
SAR. 

The n e x t  system considered was a f u l l y  remote c o n t r o l l e d  system. 
T h i s  system would be as d e s c r i b e d  i n  t h e  above paragraphs on s h o r t  range 
and medium range systems. The major  advantages o f  t h i s  system would be 
simp1 i c i t y ,  and complete c o n t r o l  o f  t h e  system by ground c o n t r o l .  
drawbacks a r e  t h e  t i m e  l a g  between when a message i s  s e n t  f rom E a r t h  t o  

Only t h a t  i n f o r m a t i o n  which i n v o l v e s  t h e  

One example o f  p resent  c a p a b i l i t i e s  i s  a r o b o t  developed b y  S.R.I. 
T h i s  system uses a s t r o b e  and a camera t o  p i c k  up 

Other systems use a camera on a s l i d i n g  r a i l  t o  g e t  

The ' ' ca r t "  p r o j e c t  done i n  t h e  S t a n f o r d  

Research i s  p o i n t i n g  t o  t h e  
Th is  w i l l  a l l o w  t h e  

Most o f  t h e  imaging systems i n  use today have major  drawbacks. 

M a r t i n  M a r i e t t a  i s  work ing  on an autonomous l a n d  v e h i c l e  f o r  t h e  

Th is  v e r s i o n  has a p r o j e c t e d  t e s t  d a t e  of 

The 
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Mars o r  v i c e  versa  and t h e  t i m e  when i t  i s  r e c e i v e d  a t  t h e  o t h e r  end, 
t h e  d i f f i c u l t y  o f  p l a n n i n g  f o r  a l l  p o s s i b l e  problems f o r  a path,  and 
t o t a l  breakdown o f  t h e  system i f  communication i s  i n t e r r u p t e d  o r  i f  
n o i s e  i n  communication causes erroneous i n f o r m a t i o n  t o  be f e d  t o  t h e  
SAR. The ground system group came t o  t h e  c o n c l u s i o n  t h a t  t h e s e  problems 
were n o t  insurmountable and t h e r e f o r e  a f u l l y  remote c o n t r o l l e d  system 
shou ld  be f u r t h e r  i n v e s t i g a t e d .  

base l ine ,  t h i s  system was d e f i n e d  as a b l e  t o  a v o i d  o b s t a c l e s  d i r e c t l y  i n  
i t s  p a t h  and t o  have some c a p a b i l i t y  of  memory which would a l l o w  i t  t o  
back t rack  o u t  o f  a dead end s i t u a t i o n  i n  which communication w i t h  ground 
c o n t r o l  was l o s t  o r  i n t e r r u p t e d .  This  system would seem t o  be i n  l i n e  
w i t h  p resent  technology and seems t o  be a v i a b l e  a l t e r n a t i v e  t o  e i t h e r  a 
f u l  l y  autonomous system o r  a complete ly  remote c o n t r o l  system. 

drawbacks a r e  i n c l u d e d  i n  t h e  f o l l o w i n g  sec t ion .  

The o p t i o n  o f  a semi-autonomous system was a l s o  considered. As a 

A breakdown o f  p o s s i b l e  degrees of  autonomy a long w i t h  f e a t u r e s  and 

4.3.2 M o b i l i t y  o f  t h e  Rover 

Since t h e r e  may be d i f f e r e n t  types  o f  s o i l  a t  each l a n d i n g  s i t e ,  i t  
may be p o s s i b l e  t o  use d i f f e r e n t  dev ices depending upon s o i l  
c h a r a c t e r i s t i c s .  For example, wheels seem a p p r o p r i a t e  t o  use on smooth 
s o i l ,  whereas l e g s  seem b e t t e r  on rocky  sur faces  and t r a c k s  may be more 
s t a b l e  on i c e .  

v e h i c l e s  w i l l  improve. As f o r  now, some companies and l a b o r a t o r i e s  have 
a1 ready developed some i n t e r e s t i n g  pro to types :  

Before  1990, h o p e f u l l y ,  t h e  technology concern ing autonomous r o b o t  

1 )  6-wheeled pro to types :  MARS V (Standard Manufac tur ing  Co.) 

2) 6-legged pro to types :  

3)  t r a c k e d  pro to types :  

PROWLER (Robot Defense Systems) 

ROD ( V i k i n g  Energy Corp.) 

Odex (Odet i cs ) 

OSU (MIT) 

TELEMAC (Acec-Bel g i  um) 

TSR 70 ( 2 1 s t  Century Robot ics )  

SURVEYOR (ARD C o r p o r a t i o n )  

The SURVEYOR appears t o  have c h a r a c t e r i s t i c s  c l o s e s t  t o  t h e  requirements.  
Moreover, t h e  v i d e o  system i s  q u i t e  i n t e r e s t i n g :  t e l e s c o p i c  close-up, 
wide-angle, enhanced image i n t e r p r e t a t i o n  and r e s o l u t i o n ,  inc reased 
v i s u a l  f i e l d  s i z e ,  and d e t e c t i o n  o f  b i n o c u l a r  l u s t e r  and s c i n t i l l a t i o n .  
The SURVEYOR i s  compared t o  t h e  m i s s i o n  requi rements on t h e  f o l l o w i n g  
Page 
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SURVEY OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Locomot i on 2 t r a c k s / 6  wheels/6 l e g s  2 t r a c k s  

Dimensions ( LxWxH) 40x 29x 30 4 5 x 2 2 ~ 2 0  

Weight 440 l b  o r  200 kg 140 kg 

Commu n i  c a t  i on RF/Opt i c a l  COMVU 

Data/ I n f o  T r a n s f e r  RF/Opt ical  

Power Supply Bat t e ry/RTG 

Autonomy > 5 hours 

A r m  Reach 5 f t  o r  1.5 m 4.5 m (Telesampler)  

L i  f t  Capac i ty  20 l b  o r  9 kg  22.7 kg 

Number o f  Axes 4-6 6 

Sen s o r s / Eq u i pment 2-3 v ideos C C D / C I D  
o r  rang i  ng senors 

2 h i g h  r e s o l u t i o n  
CCD b l a c k  and w h i t e  

Microcomputer 

S1 ope 

smal 1 , l o c a l ,  autonomous computer based 

45" 45O 
command computer 

Chasms 10 i n  o r  25 cm 

Ostac le  Height  10 i n  o r  25 cm 

Speed 0.45 mph o r  0.72 km/h 1 km/h 

Pay1 oad Capaci ty  20 kg 113 kg 

V e r t i c a l  C1 earance < 90 cm < 86 cm 

However, t h e  main problem i s  whether o r  n o t  an autonomous r o v e r  i s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
needed. 
go t a k i n g  t h e  f o l l o w i n g  i n t o  c o n s i d e r a t i o n :  

I f  one i s  needed, an Exper t  System c o u l d  determine which way t o  

1)  sampl i ng r e q u i  rements 
2) e x i  s t  i ng sampl i ngs 
3)  s o i l  a n a l y s i s  
4) atmosphere a n a l y s i s  
5) c learance 
6)  power c a p a c i t y  
7 )  mot ion  c a p a c i t y  

Yet, t h e  r o v e r  should n o t  be complete ly  autonomous; a human o p e r a t o r  must 
be a b l e  t o  a l t e r  t h e  r o v e r ' s  pa th  i n  response t o  v i d e o  t r a n s m i s s i o n s  t o  
E a r t h  by t h e  rover .  
o p e r a t o r  comple te ly  c o n t r o l s  t h e  r o v e r  o r  whether t h e  o p e r a t o r  can s imp ly  
i n t e r r u p t  t h e  r o v e r ' s  p a t h  and change some parameters. 

What must be determined i s  whether o r  n o t  a human 



MASTER 

The d i s t a n c e  f r o m  Mars t o  t h e  E a r t h  v a r i e s  f r o m  1 AU t o  2.6 AU. Th is  
means t h a t  t h e  t i m e  t h a t  i t  takes  t o  t r a n s m i t  d a t a  f rom Mars t o  t h e  E a r t h  
and t o  r e t u r n  a command from a human o p e r a t o r  i s  

I f  t h e  r o v e r  has t h e  o p e r a t o r  des igns t h e  r o v e r  must 
pbs: i t  i s  l o s t  a pa th ;  t h e  r o v e r  w a i t  f o r  commands 
o r  i t  has broken avoids t h e  o b s t a c l e s  f rom Ear th  
p a r t  o f  i t s  
c o n t r o l  

INCIDENT NORMAL NORMAL 

T = 2d/c + t o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ACTIVE I Eart:o;;;-ator t h e  r o v e r  goes t h r u  E a r t h  commands 
SPECTATOR can change param. a p a t h  u n t i l  a node misunderstood 

NORMAL INCIDENT 

PASS I VE Rover moves by The t r a n s m i s s i o n  i s  Rover ou t  o f  
SPECTATOR i t  s e l  f i n t e r r u p t e d ;  r o v e r  order .  Operator 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o u t  of c o n t r o l  (no useless.  
more commands f r o m  
E a r t h  ava i  1 ab1 e )  

NORMAL I NC I DENT INCIDENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

where to i s  t h e  t i m e  needed by t h e  o p e r a t o r  t o  determine a command. 
i t  t a k e s  5 minutes t o  determine a command, i t  t a k e s  35 t o  48 minutes f o r  
t h e  r o v e r  t o  r e c e i v e  it. 
t r a v e l  between 583 and 800 meters. Th is  i s  q u i t e  s i g n i f i c a n t  c o n s i d e r i n g  
t h a t  i t s  0.5 m camera s e p a r a t i o n  p r o v i d e s  depth p e r c e p t i o n  of  o n l y  200 
meters. I f  t h e  r o v e r  i s  n o t  stopped, t o  w a i t  f o r  commands, i t  may t a k e  a 
hazardous path.  C o n t r o l  o f  t h e  r o v e r  i s  n o t  f e a s i b l e  un less  i t s  p o s i t i o n  
remains t h e  same d u r i n g  t h e  t r a n s m i s s i o n  process. The speed of  t h e  r o v e r  
i s  a s i g n i f i c a n t  f a c t o r  i n  t h i s  process. 
c o n t r o l  o f  t h e  system t e n d  toward two l i m i t i n g  cases: 

I f  

Dur ing  t h i s  amount o f  t ime,  t h e  r o v e r  c o u l d  

Therefore,  t h e  s o l u t i o n s  f o r  

t o  c o n t r o l  e v e r y t h i n g  f rom t h e  E a r t h  ( a  s o p h i s t i c a t e d  m o b i l i t y  
c o n t r o l  system i s  n o t  needed i n  t h i s  case) 
t o  have an autonomous r o v e r  t h a t  moves around on i t s  own w i t h  
occas iona l  pauses t o  determine whether or n o t  t h e  E a r t h  
o p e r a t o r  has any commands ( a  h i g h l y  s o p h i s t i c a t e d  m o b i l i t y  
c o n t r o l  system i s  necessary i n  t h i s  case) 

4.3.3 Choice o f  Ranging Senors 

D i f f e r e n t  t y p e s  o f  p r o x i m i t y  sensors were compared, and i t  appears t h a t  
u l t r a s o n i c  r a n g i n g  sensors w i l l  be t h e  b e s t  f o r  t h e  Rover. 
u l t r a s o n i c  sensor o f f e r s  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

The 
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R e s o l u t i o n  9 3 27 2 18 
S e n s i t i v i t y  9 3 27 2 18 
Speed 7 1  7 2 14 
B1 oom 8 . 1  8 2 16 
S i  r e  8 2 16 3 24 
R e l i a b i l i t y  8 2 16 3 24 
C u r r e n t  Cost 1 3 3 1 1 
F u t u r e  Cost 8 1 8 2 16 

p o s i  t i o n / o b s t a c l  e d e t e c t i o n  
re1  i abi  1 i t y  
i n s e n s i t i v i t y  t o  dust,  d i r t ,  and l i g h t  a v a i l a b i l i t y  
l o w e r  c o s t  t h a n  microwave and l a s e r  sensors 
g r e a t e r  range than i n d u c t i v e  and c a p a c i t i v e  sensors 
can produce e i t h e r  analog o r  d i g i t a l  s i g n a l s  

2 18 
1 9 
3 21  
3 24 
3 24 
3 24 
2 2 
3 24 

b e s t  o f  t h e  u l t r a s o n i c  senors i s  t h e  P o l a r o i d  e l e c t r o s t a t i c  
u l t r a s o n i c  t ransducer  SN28827. 
Center  f o r  i t s  p r o t o t y p e  s e n t r y  r o b o t  ROBARTII. 
comparable w i t h  t h e  E 200 f rom Massa Product b u t  i s  more expensive. 
has a range o f  up t o  35 f t  (10.5 m). 
b y  another  sensor. 

Th is  sensor i s  used by t h e  Naval Weapons 

Temperature c o r r e c t i o n  i s  p rov ided 

Th is  sensor is 
It 

4.3.4 Choice of  Cameras 

The f o l l o w i n g  i s  a comparison o f  t y p i c a l  image sensors. 

The CCD i s  a charge coupled device,  and t h e  C I D  i s  a charge i n j e c t e d  
device.  
s e n s i t i v i t y .  
d i s t o r t i o n ,  'burn ing, '  and s e n s i t i v i t y  t o  v i b r a t i o n  and a r e l a t i v e l y  
s h o r t  l i f e .  For b o t h  t h e  V I D I C O N  and s o l i d - s t a t e  t y p e  cameras, t h e  
v o l t a g e  l e v e l s  a r e  coded: 

I n  genera l ,  t h e  C I D  appears t o  be b e t t e r  t h a n  t h e  CCD except f o r  
The major  drawback t o  t h e  VIDICON camera i s  image 

1) b i n a r y  ( 2  va lues = 2 c o l o r s )  which i s  n o t  very  i l l u s t r a t i v e  
2) g ray  coded (256 va lues)  which shows d i f f e r e n t  shades 

The problem t h e n  becomes c a p a c i t y  s i n c e  gray code r e q u i r e s  256x256~256 
b i t s  t o  code a p i c t u r e .  Even worse, i f  r e a l  t i m e  i s  des i red ,  i t  would 
have t o  be m u l t i p l i e d  by 30 (1 /30  s t o  scan a screen) .  
compression i s  needed: 

Obviously,  d a t a  

1 )  code d i f f e r e n c e s  between ad jacent  p i x e l s  
2 )  use o f  an i n d e x  corresponding t o  t h e  l o w e r  bound o f  p i x e l s  

v a l u e  f o r  one l i n e ,  and, then, f o r  each p i x e l ,  code v a r i a t i o n s  
w i t h  respec t  t o  t h i s  index  

A l t e r n a t i v e l y ,  t h e  t r a n s m i s s i o n  r a t e  c o u l d  be reduced ( t h e  d a t a  w i l l  
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appear l i n e  by l i n e ) .  
enhancement may be employed t o  r e f i n e  t h e  r e s u l t i n g  imaging. 

Once t h e  d a t a  i s  r e c e i v e d  on Ear th,  computer 

4.3.5 Communications 

The Ground Systems Groups o b j e c t i v e s  i n  t h e  d i r e c t i o n  o f  
communications i n c l u d e d  t h r e e  areas. The f i r s t  area was communication 
between t h e  i n i t i a l  l a n d e r  and ground c o n t r o l  on Earth.  The second area 
o f  c o n s i d e r a t i o n  was t h e  communication l i n k  between t h e  SAR and t h e  
i n i t i a l  lander .  I n  t h i s  case, t h e  i n i t i a l  l a n d e r  serves as a r e l a y  
between t h e  SAR and ground c o n t r o l .  The t h i r d  area o f  c o n s i d e r a t i o n  was 
t h e  communication requi rements o f  t h e  b a l l o o n  rovers.  
a l l  t h r e e  areas was t o  g a t h e r  some p r e l i m i n a r y  i n f o r m a t i o n  on what 
methods of communication were a v a i l a b l e  and what advantages and 
disadvantages each had. 

Opt ions:  
d a t a  and some o f  t h e  genera l  l i m i t a t i o n s  i n v o l v e d  w i t h  d i f f e r e n t  
wavelengths. 
i n t e r e s t  i s  t h e  p o s s i b i l i t y  o f  u s i n g  u l t r a s o n i c  waves f o r  communication 
between t h e  i n i t i a l  l a n d e r  and t h e  SAR. 

r e q u i r e  t e l e m e t r y  t o  each o f  t h e  i n d i v i d u a l  i n i t i a l  landers.  On t o p  of  
t h i s  each o f  t h e  b a l l o o n  r o v e r s  must be a b l e  t o  t r a n s m i t  d a t a  t o  t h e  
o r b i t e r .  T h i s  r e s u l t s  i n  t e n  separate l i n k s  each i n  a d i f f e r e n t  
l o c a t i o n s  on t h e  M a r t i a n  sur face.  The v i d e o  d a t a  t r a n s m i t t e d  must a l s o  
be of a h i g h  enough r e s o l u t i o n  t o  enable t h e  ground c o n t r o l  o p e r a t o r s  t o  
a c c u r a t e l y  program each o f  t h e  SAR's. 

E v a l u a t i o n :  The f i r s t  t h i n g  considered was how t h e  c u r v a t u r e  o f  t h e  
M a r t i a n  s u r f a c e  would a f f e c t  t h e  communication range between t h e  i n i t a l  
l a n d e r  and e i t h e r  t h e  b a l l o o n  r o v e r  o r  t h e  SAR. Because o f  t h e  c u r v a t u r e  
o f  t h e  sur face ,  t h e  range became a f u n c t i o n  o f  antenna he igh t ,  assuminga 
smooth s u r f a c e  on t h e  p l a n e t  (see  Appendix 4.8). F i g u r e  4.16 i n d i c a t e s  
t h e  l i n e  o f  s i g h t  communication range p o s s i b l e  f o r  v a r y i n g  antenna 
he igh ts .  T h i s  assumes t h a t  t h e  antenna o f  t h e  SAR i s  a t  ground l e v e l .  
The l i n e  o f  s i g h t  communication range p o s s i b l e  f r o m  t h e  i n i t i a l  l a n d e r  t o  
t h e  b a l l o o n  r o v e r  i s  shown i n  F i g u r e  4.17. T h i s  a l s o  assumes a smooth 
sur face.  The antenna h e i g h t  i s  cons idered t o  be t h e  v e r t i c a l  h e i g h t  of 
t h e  b a l l o o n  r o v e r  pay load f rom t h e  sur face.  

The 120 km range f o r  t h e  b a l l o o n  rover ,  assuming a 2 km payload 
h e i g h t ,  was n o t  cons idered t o  be l a r g e  enough, t h e r e f o r e ,  t h e  b a l l o o n  
r o v e r s  w i l l  have t o  communicate d i r e c t l y  w i t h  t h e  o r b i t e r .  

Assuming an antenna h e i g h t  o f  4 m, t h e  SAR would have a maximum range 
o f  5 km. 
range r o v e r  system. 

I f  t h e  i n i t i a l  l a n d e r  should happen t o  l a n d  i n  a depress ion on t h e  
s u r f a c e  o f  Mars or i f  t h e  SAR were t o  go behind a h i l l  and t h e r e f o r e  no 
l o n g e r  be w i t h i n  t h e  l i n e  o f  s i g h t ,  t h e r e  would be t h e  p o s s i b i l i t y  of a 
communication breakdown. I f  t h e  r o v e r  were semi-autonomous t o  t h e  p o i n t  
t h a t  i t  c o u l d  back t rack  i f  t h e r e  were a l o s s  o f  communication w i t h  ground 
c o n t r o l ,  t h a t  problem would be p a r t i a l l y  solved, b u t  t h e  range of 
t h e  SAR c o u l d  be s e v e r e l y  decreased. Because o f  t h i s  p o s s i b i l i t y ,  o t h e r  
a l t e r n a t i v e s  bes ides l i n e  o f  s i g h t  r a d i o  f requenc ies  must be considered. 

One p o s s i b l e  s o l u t i o n  t o  t h e  above problem would be t o  use l o w e r  

Ob jec t ive :  

The o b j e c t i v e  i n  

The o p t i o n s  t o  be considered were r a d i o  t r n a s m i s s i o n  of 

Another o p t i o n  which t h e  group i s  l o o k i n g  i n t o  w i t h  

Re u i rements:  Each o f  t h e  i n i t i a l  landers  must be a b l e  t o  
communicate -9--7i- w i t  t h e  o r b i t e r .  I n  t h i s  m i s s i o n  scenar io ,  t h i s  would 

T h i s  range would p u t  i t  w i t h i n  t h e  parameters s e t  f o r  a medium 
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frequency r a d i o  waves, i n  which case, t h e  ground c o u l d  a c t  as a c a r r i e r .  
I n  t h i s  case, t h e  SAR would no l o n g e r  be dependent upon hav ing  a c l e a r  
l i n e  o f  s i g h t  t o  t h e  i n i t i a l  lander .  Another p o s s i b l e  s o l u t i o n  i s  d i r e c t  
communication w i t h  t h e  o r b i t e r  f rom t h e  SAR. A t h i r d  p o s s i b i l i t y  would 
be t o  use h i g h  frequency sound waves f o r  communication. Th is  p o s s i b i l i t y  
was suggested by one member o f  t h e  group and i s  now b e i n g  i n v e s t i g a t e d .  
T h i s  may n o t  be a v i a b l e  s o l u t i o n  t o  t h e  communication problem because 
o f  t h e  h i g h  a b s o r b t i o n  l e v e l  o f  C02 t o  u l t r a s o n i c  v i b r a t i o n s .  
a t  206k-Hz, C02 has a decrease i n  r e a c t i o n  t o  t h e  waves o f  a c r y s t a l  
v i b r a t o r  as t h e  d i s t a n c e  t o  t h e  r e f l e c t o r  was inc reased beyond a few 
cent imeters  and appears t o  be opaque t o  u l t r a s o n i c  f requenc ies  above 

o f  Mars t o  t h e  o r b i t e r  c o u l d  be reduced by s t a t i o n i n g  two o r  t h r e e  
o r b i t e r s  i n  synchronous o r b i t  above t h e  p l a n e t .  I d e a l l y ,  t h r e e  
s a t e l l i t e s  would be used separated by an ang le  o f  120'. 
c o r r e c t l y ,  two o r b i t e r s  may be j u s t  as e f f e c t i v e .  
t r a c k i n g  requi rements on t h e  p a r t  o f  t h e  i n i t i a l  l a n d e r s  and would 
g r e a t l y  reduce t h e  t r a c k i n g  requi rements o f  t h e  b a l l o o n  rovers .  

Beginning 

1 M-Hz. 
The problem o f  t e n  separate communication l i n k s  f rom d i f f e r e n t  areas 

I f  p o s i t i o n e d  
T h i s  would e l i m i n a t e  
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5.0 B a l l o o n  System 

a n a l y s i s  on a s u i t a b l e  b a l l o o n  r o v e r  system f o r  t h e  Mars Lander/Rover. 
Inc luded i n  t h e  des ign  a n a l y s i s  i s  s i z i n g  o f  t h e  ba l loon,  d e t e r m i n i n g  
a v a i l a b l e  l i f t  f o r  payloads, o p e r a t i n g  c o n d i t i o n s ,  and heat  t r a n s f e r .  Th is  

f o r  f u r t h e r  research. 

The B a l l o o n  Systems Group's t a s k  has been t o  per fo rm p r e l i m i n a r y  des ign  

I s e c t i o n  presents  t h e  r e s u l t s  t o  d a t e  o f  t h i s  study, as w e l l  as recommendations 

5.1 Ba l loon Design 

5.1.1 Ba l loon Physics 

I n  o r d e r  t o  understand t h e  b a l l o o n ' s  dynamics, t h e  b a s i c  t h e o r y  o f  
b a l l o o n s  i s  examined, and t h e  f o r c e s  t h a t  a f f e c t  them a r e  presented. 
Then, i t  w i l l  be shown t h a t  under c e r t a i n  c i rcumstances a b a l l o o n ' s  gas 
temperature becomes impor tant .  

p ressure  b a l l o o n s  and equat ions  a r e  d e r i v e d  by which t h e i r  performance i n  
t h e  atmosphere o f  any p l a n e t  can be analyzed. 
Archimedes ' p r i n c i p l e  i s repeated here:  

Archimedes' p r i n c i p l e  i s  a p p l i e d  h e r e  t o  non-ex tens ib le  and zero  

For convenience, 

A body w h o l l y  o r  p a r t l y  immersed i n  a f l u i d  i s  buoyed up w i t h  
a f o r c e  equal  t o  t h e  we igh t  o f  t h e  f l u i d  d i s p l a c e d  by t h e  body. 

By Archimedes' p r i n c i p l e ,  t h e  buoyant f o r c e  (FB)  o f  a b a l l o o n  i n  t h e  
atmosphere i s 

FB = Vbal ( D a i r  - Dgas) - Abm Dbm (5.1) 

where Vbal i s  t h e  b a l l o o n  volume, D a i r  i s  t h e  a i r  d e n s i t y ,  D;as i s  t h e  
b a l l o o n  gas d e n s i t y  (eva lua ted  f rom i d e a l  gas law) ,  Abm i s  t e sur face 
area o f  t h e  ba l loon,  and Dbm i s  t h e  area d e n s i t y  o f  t h e  b a l l o o n ' s  
m a t e r i a l .  It shou ld  be no ted  t h a t  a t  zero  buoyant fo rce ,  t h e  b a l l o o n  w i l l  
n o t  r i s e  o r  f a l l ,  and i t  i s  f l o a t i n g  a t  a g i v e n  a l t i t u d e .  

work, which i s  based on a cons tan t  atmospher ic temperature o f  220 K, based 
on V i k i n g  m i s s i o n  d a t a  [l]. 

F o r  t h e  lower  atmosphere o f  Mars, t h e  exponent ia l  d e n s i t y  model w i l l  

The d e n s i t y  o f  t h e  a i r  can be expressed as 

(5.2) 

where Do i s  t h e  d e n s i t y  a t  mean e l e v a t i o n  (.0143 kg/m3), H i s  t h e  a l t i t u d e  
i n  km, and SH i s  t h e  s c a l e  h e i g h t  (11.3 km). 
p ressure  ( P )  and gas d e n s i t y ,  t h e  i d e a l  gas law i s  a p p l i e d  

I n  o r d e r  t o  e v a l u a t e  t h e  

Dgas = P MWgas/ R/  Tgas (5.4) 

where R i s  t h e  u n i v e r s a l  gas constant ,  MWair i s  t h e  molecu la r  we igh t  of  
t h e  a i r ,  and MWgas i s  t h e  molecu la r  we igh t  o f  t h e  gas. 
Equat ions 5.3 and 5.4 y i e l d s  

The combinat ion of 

Dgas = D a i r  (MWgas / MWai r ) (Ta i r  / Tgas) (5.5) 
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T h i s  equat ion  suggests t h a t  t h e  MW;Ias / MWair needs t o  be as low as 

Since 94% o f  t h e  Mars atmos pere c o n s i s t s  o f  C02, t h e  poss ib le .  
mo lecu la r  we igh t  o f  Mars i s  assumed t o  be 44 gr/mole. 
t e r m  on t h e  r i g h t  s i d e  o f  Equat ion 5.5 suggests t h a t  t h e  h i g h e r  t h e  
i n s i d e  temperature,  t h e  l o w e r  t h e  gas d e n s i t y ,  r e s u l t i n g  i n  g r e a t e r  l i f t .  
F i g u r e  5.1 represents  t h e  temperature d i f f e r e n c e  between b a l l o o n  gas 
(hydrogen) and a i r  (Mars) vs. t h e  l i f t  f o r  d i f f e r e n t  b a l l o o n  r a d i i .  
expected, f o r  low MWgas / MWair, a l l  f o u r  curves have a gradual  s lope. 
T h i s  f i g u r e  shows t h a t  i n  o r d e r  t o  p r o v i d e  s i g n i f i c a n t  l i f t  due t o  t h e  
temperature d i f f e r e n c e ,  t h e  b a l l o o n  r a d i u s  should exceed 27 meters and 
Del -Temp ( D i f f e r e n c e  between ambient and b a l l o o n  gas temperature)  must be 
g r e a t e r  t h a n  350 K. Consider ing pay load mass l i m i t a t i o n s  ( t o  be 
d iscussed l a t e r ) ,  i t  appears t h a t  a l i g h t e r - t h a n - a i r  gas b a l l o o n  i s  
p r e f e r a b l e  when compared t o  a h o t  a i r  ba l loon.  

Also,  t h e  t h i r d  

As 

5.1.2 B a l l o o n  Design Computer Program 

i n t h e  M a r t i  an atmosphere based upon Archimedes ' p r i  n c i  p l  e. I n p u t  
parameters i n c l  ude b a l l  oon f a b r i c  d e n s i t y  , b a l l  oon gas, gas equi  1 i b r i  um 
temperature,  and t h e  c r u i s i n g  a l t i t u d e .  Output c o n s i s t s  o f  t o t a l  mass, 
f a b r i c  mass, and pay load mass as a f u n c t i o n  o f  rad ius ,  assuming a 
s p h e r i c a l  ba l loon.  For a g i v e n  r a d i u s  s p h e r i c a l  b a l l o o n ,  t h e  t o t a l  
buoyant f o r c e  i s  c a l c u l a t e d ,  and t h e  f a b r i c  we igh t  i s  s u b t r a c t e d  f rom it. 
Any remain ing  l i f t  i s  a v a i l a b l e  f o r  an e x t e r n a l  payload, i n c l u d i n g  t h e  
s t r u c t u r e ,  connect ing  system and t h e  a c t u a l  s c i e n t i f i c  payload. The 
s imu la ted  computer model i s  presented i n  t h e  Appendix 5.1. 

Employing t h e  b a l l o o n  a n a l y s i s  program, t h e  use o f  a b a l l o o n  t o  l i f t  
t h e  whole MLR was deemed unfeas ib le ,  due t o  t h e  ext remely l a r g e  b a l l o o n  
r e q u i r e d  ( 5 4  m d iameter ) ,  even when assuming a 2 km c r u i s i n g  a l t i t u d e  and 
hydrogen as t h e  b a l l o o n  gas. I n  o r d e r  t o  t a k e  advantage o f  t h e  un ique 
s c i e n t i f i c  b e n e f i t s  o f f e r e d  by a b a l l o o n  rover ,  a s m a l l e r  system ( t o t a l  
mass o f  300 kg) was designated. Upon l a n d i n g  o f  t h e  1,000 kg lander ,  a 
b a l l o o n  would be i n f l a t e d  w i t h  s t o r e d  gas, sealed, and t o g e t h e r  w i t h  a 
smal l  payload, be detached f rom t h e  mothership.  A f t e r  reach ing  c r u i s i n g  
a l t i t u d e ,  t h e  b a l l o o n  would s t a y  a l o f t  day and n i g h t ,  u n t i l  d i f f u s i o n  
l o s s e s  f o r c e  t h e  r o v e r  t o  land. As soon as t h e  r o v e r  lands,  t h e  b a l l o o n  
w i l l  b e  detached ( i n  o r d e r  t o  a v o i d  pay load dragg ing) .  

A computer program has been developed t o  e v a l u a t e  b a l l o o n  performance 

5.1.3 B a l l  oon A n a l y s i s  

I n  o r d e r  t o  o p t i m i z e  t h e  b a l l o o n  design, t h e  B a l l o o n  Systems Group 
i d e n t i f i e d  t h e  major  des ign  parameters t h a t  a f f e c t  t h e  b a l l o o n ' s  
performance. These parameters are:  b a l l o o n  gas, b a l l o o n  f a b r i c  d e n s i t y ,  
and c r u i s i n g  a l t i t u d e .  The temperature d i f f e r e n c e  between t h e  b a l l o o n  
gas and t h e  ambient atmosphere had l i t t l e  e f f e c t  on t h e  b a l l o o n ' s  l i f t i n g  
c a p a b i l i t y  f o r  b a l l o o n  gases w i t h  low molecu la r  weights ,  b u t  has an 
apprec i  ab1 e e f f e c t  on "ho t  - a i  r'' systems, as w i  11 be d i  scussed 1 a t e r .  

Due t o  t h e  ext remely t h i n  M a r t i a n  atmosphere, ambient d e n s i t y  drops 
r a p i d l y  w i t h  a l t i t u d e .  W i t h i n  t h e  300 kg mass c o n s t r a i n t ,  t h e  b a l l o o n  i s  
l i m i t e d  t o  c r u i s i n g  a l t i t u d e s  below 8 km f o r  a he l ium b a l l o o n  w i t h  a 
t y p i c a l  f a b r i c  d e n s i t y .  L i f t  v a r i e s  i n v e r s e l y  w i t h  a l t i t u d e ,  as can be 
seen i n  F i g u r e  5.2. A c r u i s i n g  a l t i t u d e  o f  2 km has been s e l e c t e d  as t h e  
c r u i s i n g  a l t i t u d e  f o r  t h e  300 kg rover ,  s i n c e  i t  i s  low enough t o  p r o v i d e  

PRECEIIING PAGE BLANK NOT FILMED 
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r e l a t i v e l y  good l i f t ,  b u t  h i g h  enough t o  a v o i d  sur face- induced a i r  
t u r b u l e n c e  and most s u r f a c e  o b s t r u c t i o n s .  

pay load l i f t  p e r  u n i t  volume. As shown i n  F i g u r e  5.3, a 300 kg b a l l o o n  
f i l l e d  w i t h  hydrogen can l i f t  80 kg o f  payload, a he l ium b a l l o o n  can l i f t  
67 kg, b u t  a methane b a l l o o n  can o n l y  l i f t  9 kg. The d i f f e r e n c e  between 
hydrogen and h e l i u m  i s  s l i g h t ,  and f i n a l  s e l e c t i o n  between t h e  two w i l l  
depend s t r o n g l y  on o t h e r  f a c t o r s  besides buoyancy, such as s t o r a b i l i t y ,  
d i f f u s i o n  th rough t h e  b a l l o o n  w a l l ,  and s a f e t y  c o n s i d e r a t i o n s .  A t  t h i s  
p o i n t ,  i t  seems t h a t  hydrogen i s  t h e  most e f f e c t i v e  l i f t i n g  gas. 

seen f r o m  F i g u r e  5.4. Whi le t h i c k  f a b r i c s  c a r r y  a s u b s t a n t i a l  weight  
p e n a l t y ,  t h e  f a b r i c  must be s t r o n g  enough t o  w i t h s t a n d  t h e  harsh  M a r t i a n  
environment. 
ba l loons ,  a f a b r i c  d e n s i t y  o f  50.8 g/m2 has been se lec ted ,  corresponding 
t o  t h e  d e n s i t y  o f  a M y l a r l n y l o n  b a l l o o n  w i t h  a 0.0508 mm ( 2  m i l )  f a b r i c  
t h i c k n e s s  [2]. 

Based upon research  t o  date, t h e  B a l l o o n  System group recommends 
u s i n g  an 18 m r a d i u s ,  h y d r o g e n - f i l l e d  sealed b a l l o o n ,  which can p r o v i d e  
l i f t  f o r  an 80 kg pay load package ( i n c l u d i n g  science, s t r u c t u r e ,  
connect ing  t e t h e r ,  e tc . )  w i t h  a t o t a l  system mass o f  300 kg. 
c r u i s i n g  a l t i t u d e  i s  2 km, assuming a b a l l o o n  f a b r i c  d e n s i t y  o f  50.8 
g /m2 

b e f o r e  a f i n a l  des ign  i s  proposed. 
b a l l o o n  m a t e r i a l s  i s  needed t o  determine r e a l i s t i c  f a b r i c  d e n s i t i e s ,  
a l l o w a b l e  temperature range, d i f f u s i o n  r a t e s ,  and s t r e n g t h  
c h a r a c t e r i s t i c s .  Gas s t o r a g e  and deployment systems a l s o  need t o  be 
s u b j e c t e d  t o  f u r t h e r  i n v e s t i g a t i o n .  

and compared w i t h  t h e  l i g h t e r - t h a n - a i r  gas b a l l o o n .  

As ment ioned p r e v i o u s l y ,  a l i g h t e r  b a l l o o n  gas w i l l  p r o v i d e  more 

The f a b r i c  d e n s i t y  has a s u b s t a n t i a l  e f f e c t  on b a l l o o n  performance as 

Based on t h e  present  day standards f o r  M y l a r  weather 

Maximum 

There i s  a g r e a t  dea l  o f  f u r t h e r  research t h a t  needs t o  be performed 
More i n - d e p t h  i n v e s t i g a t i o n  of 

I n  t h e  n e x t  s e c t i o n ,  p r i n c i p l e s  o f  h o t  a i r  b a l l o o n s  w i l l  be s t u d i e d  

Other Areas o f  Research 

5.2.1 Hot A i r  B a l l o o n  

I n  p r i n c i p l e ,  a h o t  a i r  b a l l o n  i s  t h e  same as t h e  aforement ioned ba l loon,  
b u t  i t  achieves l i f t  o n l y  through a temperature d i f f e r e n t i a l  between t h e  
atmospher ic  gases i n s i d e  t h e  b a l l o o n  and t h e  a i r  ou ts ide .  The a i r  i n s i d e  
i s  heated th rough s o l a r  r a d i a t i o n  and/or  a heater .  Thus, t h e  a i r  i n s i d e  
i s  l e s s  dense t h a n  t h e  a i r  ou ts ide .  
l i f t  i n  t h e  same manner as t h e  l i g h t e r - t h a n - a i r  gas ba l loon.  

A major  requirement f o r  h o t  a i r  b a l l o o n  o p e r a t i o n  i s  t h e  replacement 
of l o s t  heat.  Heat i s  l o s t  th rough r a d i a t i o n  and convect ion.  
p o s s i b i l i t y  o f  u s i n g  a h e a t e r  t o  heat  t h e  b a l l o o n  gas i s  mass and power 
p r o h i b i t i v e ,  so h e a t i n g  sources a r e  l i m i t e d  t o  d i r e c t  s o l a r  r a d i a t i o n  and 
t h a t  r e f l e c t e d  f r o m  Mars' sur face.  
achieve a h i g h e r  temperature t h a n  t h e  sur round ing  a i r  i f  i t  absorbs 
r a d i a t i o n  energy. 

s u r f a c e  o f  t h e  b a l l o o n  and t h e  o u t s i d e  ( a i r )  temperature f o r  d i f f e r e n t  
b a l l o o n  r a d i i .  
have t h e  l i f t  c a p a b i l i t y  o f  t h e  ( h i g h  f a b r i c  d e n s i t y )  hydrogen system, 
t h e  h o t  a i r  system needs t o  be almost e i g h t  t imes l a r g e r  i n  volume. 

Th is  d e n s i t y  d i f f e r e n c e  p r o v i d e s  

The 

Dur ing  t h e  day, t h e  b a l l o o n  w i l l  

F i g u r e  5.5 shows t h e  l i f t  vs. temperature d i f f e r e n c e  between t h e  

Comparison o f  F igures  5.4 and 5.5 shows t h a t  i n  o r d e r  t o  
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PAYLOAD MASS VS. TOrAL MASS 
ALT = 2km, d = 50.8g/m*%2 

VARIOUS BALLOON GASES 
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PAYLOAD MASS VS. TOTAL MASS 
HYDROGEN, ALT = 2 k m  
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F i g u r e  5.5 



64 
Using such a l a r g e  b a l l o o n  would p l a c e  e x c e s s i v e l y  h i g h  mass and s to rage 
volume c o n s t r a i n t s  on t h e  t o t a l  l a n d e r / r o v e r  design. 

5.2.2 Heat T r a n s f e r  A n a l y s i s  

For s i m p l i c i t y  o f  t h e  a n a l y s i s ,  conduct ion heat  t r a n s f e r  i s  ignored 
and heat  t r a n s f e r  process i s  assumed t o  be s o l e l y  due t o  r a d i a t i o n  and 
convect ion.  Thermal mass i s  assumed t o  be n e g l i g i b l e  (no  energy s t o r e d  
i n  t h e  b a l l o o n  m a t e r i a l ) ,  and o n l y  steady s t a t e  a n a l y s i s  i s  performed. 

c o m p l i c a t i o n s  i n v o l v e d  i n  t h e  heat  t r a n s f e r  d e t a i l s .  Nevertheless,  t h e  
s i m p l i f i e d  model w i l l  c o n s t i t u t e  a reasonable compromise between u t i l i t y  
and c l a r i t y  o f  development. 

Free convec t ion  heat  t r a n s f e r  i s  based on t h e  f o l l o w i n g  assumptions: 

R a d i a t i o n  heat  t r a n s f e r  i s  t r e a t e d  very s imply,  i g n o r i n g  t h e  many 

1)  Ambient temperature and pressure  a r e  220 K and 1000 Pa, 
r e s p e c t i v e l y  

2) Mars atmosphere i s  modeled as a p e r f e c t  gas c o n s i s t i n g  o n l y  
of Co:, 

3) Thermi l  c o n d u c t i v i t y  i s  a f u n c t i o n  o f  temperature only .  
4)  No conduct ion  heat  t r a n s f e r  occurs i n s i d e  t h e  b a l l o o n  

The steady s t a t e  temperature response i s  determined by f o r m u l a t i n g  an 
o v e r a l l  energy balance on t h e  s o l i d .  Th is  i n c l u d e s  energy e n t e r i n g  ( E i n )  
and l e a v i n g  ( E o u t )  t h e  sur face.  
c o n s e r v a t i o n  requi rement  may then be expressed on a r a t e  b a s i s  as 

A general  form o f  t h e  energy 

The s i m p l i f i e d  model i s  represented i n  F i g u r e  5.6. The a n a l y s i s  i s  
based on a f l a t  d i s c  sur face.  
Mars. 
e m i s s i v i t y  o f  t h e  s u r f a c e  (0.9), Z i s  t h e  Stefan-Boltzmann cons tan t  
(5.67E-8 W/m2/K4), Ts i s  t h e  m a t e r i a l  s u r f a c e  temperature,  qco i s  
convec t ion  heat  l o s t ,  and G, i s  t h e  r e f e c t e d  Mars f l u x  (70 W/m?y. 
t h a t  arrows p o i n t i n g  i n t o  and ou t  o f  t h e  d i s c  represent  E i n  and Eout, 
r e s p e c t i v e l y .  

Free convec t ion  heat  t r a n s f e r  was c a l c u l a t e d  u s i n g  s tandard  , e m p i r i c a l  
techniques t o  determine t h e  heat t r a n s f e r  c o e f f i c i e n t  (h ) .  I n i t i a l l y ,  h 
was c a l c u l a t e d  f o r  a s p h e r i c a l  sur face,  b u t  t h e  r e u l t i n g  Ra le igh  (Ra) 
number was severa l  o r d e r s  o f  magnitude h i g h t  t h a n  t h e  upper l i m i t  o f  t h e  
e m p i r i c a l  fo rmula  used. S a t i s f a c t o r y  r e s u l t s  were ob ta ined by u s i n g  a 
d i s c  model ( F i g u r e  5.6). 
t r a n s f e r  process o f  a d i s c  can be expressed as 

The p l a t e  i s  p a r a l l e l  t o  t h e  s u r f a c e  of 
I n  t h i s  f i g u r e ,  Gs i s  t h e  s o l a r  f u l x  (580 w/m2), e i s  t h e  

Note 

The equat ion  used t o  d e f i n e  t h e  convec t ion  heat  

where A i s  t h e  s u r f a c e  area and h i s  d e f i n e d  as [3]: 

h=( .0168/D) { [ .27( 3 . 9 3 ~  l o 6 (  (Ts -To) /TS ) D3) -25]+[. 15( 3.93x106( ( Ts -To/Ts) D31 3334 
(5.8 

where D i s  t h e  d iameter  o f  t h e  d i s c  i n  meters. 
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Figure 5.6 Heat Transfer Model 
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Based on t h e  above assumptions, t h e  s u r f a c e  temperature o f  t h e  d i s c  

i s  c a l c u l a t e d  f o r  d i f f e r e n t  ambient temperatures (Appendix 5.2 c o n t a i n s  
t h e  program), and t h e  r e s u l t s  o f  t h e  s i m u l a t i o n  a r e  shown i n  F i g u r e  5.7. 
T h i s  f i g u r e  suggests t h a t  t h e  maximum Del-Temp i s  about 100 K, which 
corresponds t o  o n l y  10 kg l i f t  f o r  b a l l o o n  r a d i u s  o f  18 m. 

concluded t h a t  t h e  h o t  a i r  b a l l o o n  i s  n o t  s u i t a b l e  f o r  miss ions  t h a t  
r e q u i r e  a pay load mass o f  50 kg o r  more. 
very  s i m p l i f i e d  model and f u r t h e r  s t u d i e s  i n  t h i s  f i e l d  a r e  needed t o  
understand t h e  more profound and r e a l i s t i c  r e l a t i o n s  between t h e  
d i f f e r e n t  processes d e f i n i n g  heat  t r a n s f e r  th rough t h e  b a l l o o n  m a t e r i a l .  

From t h e  heat  t r a n s f e r  a n a l y s i s  of t h e  h o t  a i r  b a l l o o n ,  i t  was 

Th is  c o n c l u s i o n  i s  based on a 
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I 6.0 Conclusion 

e f f e c t i v e  i n  more c l e a r l y  d e f i n i n g  t h e  o v e r a l l  ystem. D u r i n g  Spr ing  Quar te r ,  
one major  element o f  t h i s  system, t h e  Ba l loon Rover, w i l l  be s e l e c t e d  f o r  
f u r t h e r  development. I n  t h i s  fashion, two goals  w i l l  be accomplished. F i r s t ,  
t h i s  des ign course, over  t h e  academic year,  w i l l  have demonstrated and taken 
an a c t i v e  p a r t  i n  a m a j o r i t y  o f  t h e  phases i n v o l v e d  i n  t h e  development o f  a 
p r o j e c t ,  f rom i n i t i a l  scoping t o  in -depth  design. Second, t h e  r e s u l t s  from 
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The Winter  Q u a r t e r  phase of t h e  MLR Design process has been q u i t e  



APPENDICES 

Note: Appendix numbering corresponds t o  t h e  r e f e r r a n t  sec t ion .  
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employed f o r  ease o f  re fe rence  t o  a p p r o p r i a t e  sect ions 
w i t h i n  t h e  r e p o r t .  



Appendix 2 

O r b i t a l  Descent Model i ng Program 



C 
C THIS  PROGRAM INTEGRATES THE EQUATIONS OF MOTION ( P G  11 I N  NOTES)  
L OF THE MARS LANDER, GIVING VELOCITIES AND POSITION AS A FUNCTION 
Y O F  T I M E  I N  P O L A R  COORDINATES. MKS LJNITS ARE USED UNLESS OTHER- 
Y W J  SE SPEC I F I  ED. 

Y INPUT: 
Y MQ - I N I T I A L  PlASS O F  LANDER (HG)  .. A -  RAD IUS OF LANDER (MI - R l  - SEMI-MINOR A X I S  OF I N I T I A L  O R B I T  (M) .. R Z  - SEMI-MAJOR AXIS (r i )  
a THETA0 - HEPLER ANGLE OF ENTRY RETRO-BURN (0-360 DEG) 
d DELT - T I M E  INTEGRATIOf'J STEP SIZE (SEC)  .. TOL - M A x I r t u r i  ALLOWED CHANGE IN RADIAL POSITION (MI 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c 

n - - 
4 .. .. 
-$ . - . 
P . 

COMMON/CMARS/TEMP, MO, MI A, HI RP, RHO08 H E T A i  NRE, P I ,  GI MP, ISP t  
> RPAR, ZPARD, ZPARE, FMBR, TIME, DELT2, ME, V E  

COMMON/CEXT/RHOCI CDC, GACCC 

CONSTANTS 84 I N I T I A L I Z A T I O N  

DELTAVS=O. 
TEMP=220. 
H=ll. 2803 
C=6. 672D-11 
MP=6. 42D23 
RP=3. 388D6 
P1=3. 14159269 
MC02=4. 401 D-2 
NA=6. 022D23 
SIGMAC=6.6SD-19 
RGAS=8. 3144 
ISP=235. 

HETA= (MC02 /  ( 3. *NAUSIGMAC 1 1 G Q R T  ( 8 .  *RGAS*TEMP/ (P I + M C 0 2  ) 

RHOQ=l. 426E-2 

INPUT 

OPEN(UNIT=3,  F I L E = ' M L T R A J .  INP', FORM-'FORMATTED', STATUS='OLD' )  
READ(3,  *)MO 
M=MO 



READ(3, * ) A  
READ(3, * ) R 1  
READ (3; *)RE! 
READ(3,  + ) T H E T A 0  

IF (THETAO. LT.  0. OR. THETAO. GT. 360. ) THEN 
STOP’  THETAO OUT OF REQUIRED RANGE’ 
END I F  

R E A D ( ~ J  *)DELT 
READ (3, * )TOL 
R E A D ( ~ J  * ) D E L T V  
READ(3,  * ) I P F R E Q  
READ(3, *)RPAH 
READ ( 3, * ZPARD 
READf3, +)ZPARE 

OUTPUT 
- 

OPEN(UNIT=7,  F I L E = ’ M L T R A J .  OUT’, FORM=‘FORMATTED‘, STATUS=‘NEW‘ 1 

COMPUT I N I T I A L  P O S I T I O N  AND V E L O C I T Y  BEFORE RETRO-BURN 

A P = ( R l + R 2 ) / 2 .  
K=G*MP*MO 
E=-K/ (2. *AP 1 
E C Z 1 .  - R l / A P  
RO=AP*( l .  -EC+EC ) / ( l .  +EC*COS(PI*THETAO/180.  ) )  
VPC)T=-K/RO 
L=SQRT( ( 1. -EC+EC )WO*K*AP 1 

IF ( T E T A O .  EQ. 0. . OR. THETAO. EO. 180. ) THEN 
VRO=O. 
E I- SE 
VRO=SQRT(Z. 9 (€-vPOT--LEL/(2. *i*lOW?O*RO) ) / N O )  
END I F  

I F  (THETAO.  CT. 180. 1 WO=-VRO 
. VTO=L/ (MO*RO 1 

LOAD I N I T I A L  P O S I T I O N  AND V E L O C I T Y  VALUES INTO 
PREDICTOR-CORRECTOR T I M E  I K T E G R A T I O N  ARRAYS 

P R I N T  COMPUTED DATA 

W R I T E ( 7 r  90) 
90 FORMAT(30Xs ‘MARS LANDER S I M U L A T I O N ‘  1 

I N I T I A L  LANDER MASS (KG) = ‘ , M O  
LANDER R A D I U S  (M)  = ’ , A  
SEMI-MINOR A X I S  OF IJ’IITIAL ORBIT (MI =‘ ,R1 
SEMI-MAJOR A X I S  O F  I N I T I A L  ORBIT (M) = ‘ r R 2  
HEPLER ANGLE OF ENTRY RETRO-BURN (DEG) z ‘ J T H E T A O  
T I M E  INTEGRATION STEP SIZE (SEC)  = ‘ a  DELT 
PREDICTOR-CORRECTOR ERROR BOUND (M)  =‘, TUL 
RETROGRADE BURN D E L T A  V ( T H E T A )  =’, D E L T V  
P A R A C W T E  R A D I U S  (MI =‘JRPAR 
PARACHUTE DEPLOYMENT ALT.  (KM) = ‘J  ZPARD 



W R I T E ( 7 ,  *I  ' CHUTE E J E C T  fG EESCENT PROPVLSICN ALT.  (KM)=', ZPkRE 
W R I T E ( 7 , 9 1 )  
WRXTE(7 ,95 )  

95 F O R M A T t l X ,  ' T I M E  (SEC) ', 3 X ,  'ALT  ( K M )  ' I  1 x 8  

3 'THETA ( D E G )  VR (N/SEC) ', 
> 'VTHETA ( M / S E C )  RHO'> 8 X I  'GRAV A C C E L ' ,  
> 2 X ,  'NRE', 7 X ,  ' MASS (KG)', ' TOTAL. A C C E L ' )  

D E O R B I T  RETROGRADE BUYN - FROM INPUTTED DELTA V 

USE THE SECOND-ORDER N O D I F I E D  EULER KETHOD TO I T E R A T E  ONE 
STEP I N  T I M E  FOR THE PREDICTOR-CORRECTOR TXME I N T E G R A T I O N  

DELT2=DELT/2. 
T I  ME=DEL.T 

P R I N T  COMPUTED DATA 

B E G I N  PREDICTOR -CORRECTOR T I M E  INTEGRGTIOIJ  

IFLAGl=O 

IL-0 
10 I = I + l  
20 TIME=TIME+DELT 

PREDICTOR STEP 



I 

CORRECTOR STEP 

ERROR MANAGEMENT: R A D I A L  P O S I T I O N  IS NOT ALLQWED TO CHANGE 

ERROR C O N D I T I O N  ON THE R - P O S I T I O N  E W A T I O N . .  . 
MORE THAN THE V A L U E  T O L i  U S I N G  THE PREfiXCTC5-CORRECTOR 

CHANGE=ABS(VR(3,  ~ ) - U R ( ~ J  2) I / ( & .  *DELT) 
I F  (CHANGE. GT.  TOL)  THEN 
T I ME-T I  ME -DE 1-T 

DELT2=DEL T/2 .  
DEL. T=-DE L T 2 

W R I T E ( 7 , * ) ’  TIHE STEP HALVED - DELT (SEC) z’tDE1-T 
W R I T E ( * , * ) ’  T I M E  STEP HALVED - DELT (SEC) =‘,DELT 
GOTO 20 
END IF 

P R I N T  COPlPUTED DATA 

I F  ( ( R 1 3 , 2 ) - R P ) / 1 0 0 0 .  . LT. 80. ) I P F R E Q = I N T ( l .  I D E L T I  
R I = D F L O A T ( I )  
R I F=DFLOAT ( I PFH EO 1 
I F  ( R I I R I F .  EQ. I N T ( R I / R I F )  1 THEN 
WRXTE(7, 1 0 0 ) T X i l E ~  ( R ( 3  2 ) - R P ) / 1 0 0 0 .  J T(3,2)*180. /PI, V R ( 3 r  21, 

> V T ( 3 ~ 2 1 1  R H O C J  GACCCS NRE, MI SQRT( ( ( H R 3 1 + H R 2 2 ) / 2 .  )**2+( (HT31+ 
>* HT22)/2. 1 **2 1 
2 V T ( 3 1 2 1 ,  R H O C i  GACCC, R H O C + W + * S Q R T ( V R ( ~ , ~ ) * * Z ! + V T ( ~ ~ ~ ) * * ~ ) / H E T A I  M 

END IF 

I F  ( ( R ( 3 , 2 ) - R P ) / 1 0 0 0 .  . LT. ZPARD . AND. I F L A G 1 .  EQ. 0) THEN 

W R I T E ( 7 r  *) ’ EJECT AEROSHELL & DEPLOY PARACHUTE‘ 
IFLAG 1=1 

r i = w i  92. 
DELT=O. 01 
DELTZ=DELT/2. 
END IF 

I F  ( ( R ( 3 r  2 ) - R P )  /1.000. . LT. ZPARE) THEN 
W R I T E ( 7 ,  *I ‘ EJECT PARACHUTE’ 
M=M-50. 
GOT0 200 
END IF 

PREPARE FOR NEXT T I M E  STEP 
I 



R(1,2)-R(2,2) 
R ( 2 , 2 ) = R ( 3 , 2 )  
T ( 1 , 2 ) = T ( 2 , 2 )  
T ( Z I  2 ) = T ( 3 , 2 )  
V R (  1 , 2 ) = V H ( 2 , 2 )  
VRl'r?, 2 ) = V R ( 3 , 2 )  
V T (  i l  2)=vr(2,c?) 
V T ( 2 , 2 ) = V T ( 3 >  2) 
I i H  12=:-R22 
HTJ L?=HT;rlZ! 
GOTO 10 
STOP ' NEED MORE DO LOOP STEPS TO FINISH' 

G E T  DESCENT PROPULSION BURN RATE k 
L 
Y 

200 MEr-M 
V E = V R ( 3 , 2 )  
CALL PESCEN ( TAtJ 1 
WRITE(7 , * )  ' FUEL NASS DURN R A T E  (HG/SEC! =', FMBR 
tJRITE(7, * I  ' DESCENT PROPULSION I3'JRN TIME (SEC) = ' ,  TAU 
W R I T E ( 7 ,  * ) '  MASS DF FUEL USED ( K G )  =', TALJ*FMBR 

- 

M=M-TAV*FMB R 
W R I T E ( 7 ,  9) FINAL MASS OF LANDER ON r i A R T I A N  SURFACE (KG) M 
W R I T E ( 7 ,  ' I M P A C T  VELOCITY (PI/SEC) = I l  

> VE-GACC(RP+ZPAWEff . i000 .  / a .  ) * T A U + I S P * S .  8 1 * L O G ( M E / ( - F M D R * T A U  
> +PIE) 1 

STOP 
END 



FIR COMPUTES THE R A D I A L  COMPONENT OF ACCELERATION O F  A 
SHPERICAL V E H I C L E .  THIS COMPONENT INCLUDES BOTH DRAG ANI3 
G R A V I T Y  TERQIS. 

HEAL*8  MOJ M, A, H, RP, RHOO, HETA, NRE, P I  , THETA, TErlP 
REAL*S DENS, B E T A ,  HR, CD, GACC, V, VR, UT, R t  RHO, GJ MP, ISP 
REAl-*3 T IME,  RPAR, ZPARD, ZPAREJ FMBR, D E L I 2  

COMMC"CHARS/TEMP, NO, PI, A, H, RP, RHOO, HETAt FJRE, PI, GI M P t  ISPi 
> RPAR, ZPARD, ZPAREJ FMDR, T I i l E ,  DELTE? 

DENS=RHO (R 1 
V=SQRT VR**2+VT **2) 

GACCC=GACC ( H  1 
BETAzO. S*F'I*CD( VR, V T J  DENS)M**2*DENS/M 

HR=-BETA*V*VR-G ACCC+VT*Vl /R 

PARACHUTE DECCELERATION TERM 

99 RETURN 
END 

HT COMPUTES THE COMPONENT OF ACCELERATION O F  THE V E H I C L E  IN 
THE VT D I R E C T I O N .  THIS COMPONENT IS DUE TO DRAG ALONE. 

REAL9e8 MO, MJ AJ H I  RPJ RHOOJ HETAJ NRE, P J J  G I  MP, ISP 
R E A L * 8  
R E A t * 8  RPARJ ZPARD, ZPARE, FMBRJ T I M E ,  DELTZ 

TEMP, R J THETA, VR, VTJ HT, BETA, RHO, CD, V I  DENS 

COMMON/CMARS/TEMP, MO, t'l, A, HI RPJ RHOOJ HETA, NRE, P I  J G I  MP, ISPI 
> RPAR, ZPARDJ ZPARE, FPlBR, TIME,  DELTE? 

DENS-RHO (R 1 
V=SQRT(VR**2+VT**2) 

HT=-BETA*V*VT-VR *VT/R 
BETAzO. 5*P I *CD ( VR, UT, DENS) M**E!*DENS/t"i 



PARACt-iUTE DECCE LERATIOi'J & TERNIbIAL DESCENT PROPULSION 
DECCELERATIUN TERMS 

Z= (R-RP 1 /1OOO. 
IF ( Z . C T .  ZPRRD) GOT0 99 

I F  ( Z. GT. ZPRRE) TIiElrJ 
HT+t'T--O. 5 *O. SS*DENSx-V*VTi+P I *RPAR**2 / f l  
ELSE 
HTzHT- I S P  W. 81  i+FMBt?WT/V/PI 
M=M-DELT2 *Fl'mR 
END IF  

99 RETURN 
END 

t RHO. FOR 1 1  / I Y / 8 h  
RHO RETURNS THE D E N S I T Y  AT THE I N P U T  RLTUTUDE IN THE M A R T I A N  

AND IS VAL1D T O  ABOUT 1OOKM. 
ATMOSPHERE. T t i €  PlODEL USES A CONSTANT SCALE H E I G H T  (T=22C*K)  

I INPUT: R, A L T I T U D E  (MI 
OUTPUT: RHO, D E N S I T Y  I N  KG/P1**3 

REALW TEMP, ISP, rto, M, A> H, R P J  RHOO, R, HETA, NRE, PI, G, KP, RHO 

COMMON/CMRRS/TEMP, MO, r.t, 1-1, RP, RHOOJ HETA, NRE, PI I G, MP, ISP 
REAL*S RIIUC, CD, GACC 

CUP?MON/CEXT/RHOCJ CD, GACC 

6ACC. FOR 1 l /I t3/8J 
GACC RETURNS THE G R A V I T A T I O N  ACCELERATION FOR THE I N P U T  A L T I T U D E  
ABOVE MARS. 
INPUT: rj, ALTITUDE (1.1) 
OUTPUT: GACC, ACCELERATION (M/S/S) 

REAL98 TEMP, ISP 8 MO, M, A, H, RPJ RHOO, HETA, NREI P I ,  GI MP, 

COMMON/CHARS/TEMPI MO, MI A, Ha RPI RHOOJ HETAI NREI PI, GI MP, I S P  
COMMON/CEXT/RHO J CD, GACCC 

> GACC, RJ GMI RHO) CD, GACCC 

G M =  G * PlP 
GACC=GM/R*+G 
GACCC=GACC 



R E A L 9 8  CD, VF!, V T ,  RHO 
CD=O. 5 
RETURN 
END 

R E A L * 8  VRs VT,  RHO, NRE, CDi T, MO, M, A, Hi RP I RHO01 
F U N C T I O N  C D (  VR, VT, RHU) 

i: HETAi P I ,  C D S ( 2 0 ) , N R S ( 2 0 ) ,  Y l ,  Y ~ ? J  X I ,  X 2 ,  SLOPE, Y I N T ,  Y, X 
COMMON/CMARS/T, MOa M i  14, H, RP, RHO08 HETA, NiiE 

DATA C D S / 3 .  5 ,  6 .  2, 5 .  3, 4. 51 3. Oi 1. ‘31 j .  61 1. 21  1. 11 . a, 
< . 6 8 . 4 8 , .  4 ~ ~ .  44,. 4,. 43, .  4 5 1 .  43 , .  421. 4/ 

DATA 
400. > 600. i 800. I 1000. 

NRS/4. i 6 .  J a. i 10. 8 20. I 40. J 60. , 80. I 100. , 200. I 

10000. i 20000. I 40000. I 80000. J 

< 100000. s 200000. / 
NRE=SQRT(VR*VR+VTWT)*Ai+RHcl/HETA 

I F  (NRE. GT.  2. D5) THEN 
CD=O. 4 
R ETUR N 
END I F  
IF ( N R E  . EO. 0. 1 THEN 
CDL-0. 
RETURN 
END rF 

I F  (”7 . LT.  1. O I T H E N  
CD=Z?l). / N H E  
RETlJRN 
END I F  

DO 10 1-21 20 
IF (NrtE . GT. NRS(J))CO TO i o  
IliI=I 
ILL7=1-1 
GO TO 20 

10 CONTINUE 
STOP ’ I N T  EHPOLA7 I ON ERROR ’ 

20 X-LOGlO(NRE)  
Y l = L O G l O ( C D S ( I L O )  1 
Y 2 = L O G l O ( C D S ( I H I ) )  
X l = L O G l O ( M R S  (11-0) ) 
X 2 - L O G l O ( N R S ( I H I )  1 
S L O P E = ( Y Z - Y l  ) / ( X c 3 - X 1 )  
Y I NT=Y 1 -SLOP E*X 1 
Y=SLOPE*X+Y I NT 
CD=lO. *rCY 
RETURN 
END 

SUDROUTINE DORB I ’ r ( D E L T V )  
R E A L * 8  DELTVi TEMP, MOi M, A i  Hi RP, RHOO, HETA, NREr PI, Gi MP, I S P  
REAL*8 RPAR, ZPARDi  ZPAREi  FMDRi TIME1 DELT2 

COMMQN/CMARS/TEMPi MOi M, A i  H, R P i  RHO01 H E T A i  NREi P I ,  G ,  MP, ISP, 
> RPAR, ZPARDr ZPAREi  FMBRi T IME,  DELT2 

M=MO*€XP ( -DELTV / ( ISP*9. 81 1 I 
RETURN 
ENT) 

TERMINAL DESCENT PROPULSION -- COMPUTE THE FUEL BURN RATE 
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AND DURN TIME. 

S U B R O U T I N E  D E S C E N ( T A U 1  

REAL*S XE, RE2, VEXH, ME, GACC, TAU, YE 
REAL*8  TEMP, NO, M, A, H, HP, RHDO, HETA,  FINE, PI, G, MP, ISP, 

3 RPAR, ZPARD, ZPARE, FHBR, T I M E ,  DELT2 

COMIYON/CMAR8/TEMP, MO, Fl,  A, I-I, RP,  RHOO, HETA, F!RE, FI, GI MP, ISP, 
> RPAR, ZPARD, ZPARE, FPlBR, T I M E ,  DELTZ, ME, VE 

TAU=O. 
DO 20 N=l, 50 - 

X = - ( G A C C ( R E 2  )*TALJ-*VE)/VEXH 
F=XE+ (VE+VEX :i 1 **TAU--0. 5 EGACC < RE2 1 FTk!J**2 

DXDTAUz-GACC ( R E 2 1  /VEXH 
Z-EXP ( X I  / (EXP ( X I - 1 .  1 
D Z D X = Z * ( - l .  / (EXP(X1-1. 1 1  
DERTRM=Z+(2 .  *GACC(RE2)+TAU-VE)+(GACC (RE2)+ 

FP=VE+VEXH-GACC ( R E 2 1  PTAlJ+DERTRPl 
TAUzTACI-F /FP 

>- - X * V E X H * ? A U * ( E X P (  X 1 / (EXP ( X  1-1. 1 

> ' I 'AU**2 -VE*l 'AU 1 *DZDX*DXDTAU 

WRITE(*, *) 'N, T A U = ' ,  N, T A U  
20 CONT I NU€ 

R E T U R N  
END 



Appendix 3 

Descent Propul s i  on Subsystem S i  z i  ng 



S I Z I N G  O F  THE USU MARS/LANDER 

DESCENT PROPULSION SUBSYSTEM 

Oscar Won je 

The descent p r o p u l s i o n  subsystem i s  t o  p r o v i d e  a smooth l and ing  

( 5 m / s )  on the su r face  o f  Wars. The p r o p e l l a n t  o f  cho ice  i s  

Hydrazine-40% "3. The Environment and T r a j e c t o r y  Group has 

determined t h a t  98 k g  o f  f u e l  w i l l  be necessary t o  land t h e  

Lander/Rover. T h e  purpose o f  t h i s  s e c t i o n  i s  t o  size t h e  

masses and volumes occupied by t h e  p r o p u l s i o n  components. The 

i n f o r m a t i o n  used can be found i n  Sec t ion  4 o f  t h e  USU L i t t l e  

Dioper Design study. 

Fue l  p r o p e r t i e s :  

Name I SP Dens i ty  Tcombustion 

Hydrazine-40% "3 235 (96% e f  f .  ) 1002 k g  /m3 2442 K 

Hydrazine-40% "3 is a monopropel lant  t h a t  w i l l  e x p l o d e  at 

h i g h  temperatures and r e a c t s  w i t h  aluminum vessels,  thus a tank 

made o f  s t e e l  o r  t i t a n i u m  i s  suggested. The d e n s i t y  o f  t i t a n i u m  

i s  4632 kg/m3. 

1 



Sizing of Propellant Tank Volume and Mass 

The tank volume can b e  aproximated with the following 

equation : 
Vtank = VDU + Vpl + Vu 

where Vtank = tank volume - 
Vpu = volume of propellant used 
V p l  = volume of fuel not used (safety margin) 
vu = ullage volume (volume of fuel in piping) 

= 1% vpu 

T h e  individual volumes are calculated from the fuel mass 

needed t o  accomplish the mission. The fuel used = 98 kg, and a 

safety margin of 12kg of unused fuel is alloted. This means that 

there will b e  110 kg of hydrazine fuel which will require a 

minimum volume of Vtank = 0.11 m3. 

The mass of a 3mm thick Titanium spherical tank has been 

calculated for a 29 cm radius, Mtank = 18.5 kg. Another manner o f  

storing the fuel would be t o  use two spherical tanks, each 

weighing 9 . 3  kg  and having a 1 1  c m  radius;. The masses and volumes 

of the propulsion subsystem a r e  listed in Table 1. Table 2 shows 

a preliminary mass budget for the mission. 
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TABLE 1 : Mass, Volume Budqet o f  Propuls ion Subsystem 

# System Mass ( k g )  Volume(m3) 

1 Fuel Tank (empty) 18.5 

1 Fuel Tank ( f u l l )  128.5 
Radius = 29cm 

. l l  (Titanium,3mm) 

. l l  

2 Fuel Tanks(empty) 9.3 (ea. ) .OS5 (ea. 1 

2 Fuel Tanks ( f u l l )  64.3(ea. ) .055(ea.) 
Radius = 1 1  c m  

Hydrazine Fuel . 110 .l l  
1 Large Thruster 2 .0004 
2 Small Thrusters  1 .OOOB 
3 Solenoid Valves 1.4 . 0001 

Fuel  L i n e r  (2 m) 0.6 .0002 

Propuls ion Subsystem: 134 kg -- 0.122 m3 
P r i o r  t o  Landing. 

Propu ls ion  Subsystem 36 k9 -- 0.122 m3 
A f t e r  Landing. 

TABLE 2. Pre l im ina ry  Mass Budqet of Subsystems 

T o t a l  Landed Mass/Landing s i t e :  1000 k g  
~~ 

Ea1 loon Rover: 

Surface Science/ 
Computers/Data : 

Descent Propu 1 s ion  : 

300 kg 

155 kg 

36 kg 

Sub t o t a l  

Remainder 
t o  b e  used f o r  
Ground Systems 

491 kg 

509 kg 

3 



ADDendix 4.1 

Lander Leg Design/Mass F r a c t i o n  
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Appendix 4.2 

Crushable Lander Volume 



s= \ I z  

I d= ,151 rr\ 
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Appendix 4.3 

Pressure Bladder Design 
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Appendix 4.4 

Pay1 oad Decel e r a t  ion  





Pressure Bladder Deceleration 
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Appendix 4.5 

Rover Locomotion Requi rements 
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Appendix 4.6 

She1 1 Lander Dynamics 





Appendix 4.7 

Speed o f  Sound i n  M a r t i a n  Atmosphere 



SPEED O F  SOUND ON MARS 

c 

ATMUSPHERE : 95.32 % CO2 ~ = 4 a  
2.7 X N2 N=4 
1.6 % ARG N=3?. 94 ---------- 

The  s p e e d  o f  s;ound i n  a n y  a t m o s p h e r e  is given by  c = I-J q I:: F: T ' ( 2 )  
i n  f e e t / s  = 1/3.2!3 m / s  . 

g: g r a v i t a t i o n n a l  c o n s t a n t  
I::: r a t i o  o f  s p e c i f i c  h e a t  
F;: gas c o n s t a n t  
T: t e m p e r a t u r e  ( d e g r e  Ran'kine = E a r e n h e i t  + 46C)) 

- g r a v i t a t i o n  : g = g C e a r t h ) / 3  -::. g =10.77 f t / s e c  

- r a t i o  of s p e c i f i c  h e a t  : CO2 N 2 
1.285 1.4 (1) 

c o n s i d e r i n g  o n l y  t h e s e  2 major e l e m e n t s  we h a v e  99% of  t h e  a t m o s p h e r e  . 

- g a s  c o n s t a n t  : CO2 lil2 
55.15 TI= 

.-*%-I . 1 

- T e m p e r a t u r e  : -24 d e g r e e s  F -> -191 F 
t h a t  is 436 R - :> 269 R 

re.f: (1) F u n d a m e n t a l s  o f  Class ica l  Thermodynamics.Van blylen,  197'3.Table 63.9. 
( 2 )  m a g a z i n e  : R o b o t i c s  Age ,7/55, A M u l t i e l e m e n t  U l t r a s o n i c  R a n g i n g  

A r r a y .  I' 
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Appendix 4.8 

L i n e  o f  S i g h t  Distances on Mars 



i 
I 

, 
1 

\ 

I / 



Appendix 5.1 

B a l l  oon L i  f t i  ng Force Program Code 



C PROGRAM BALON2.FOR BY GRANT WILLIAMS & S. ALI SIAHPUSH 3-20-87 

C THIS PROGRAM WILL CALCULATE THE BALLOON’S LIFT FORCE. C C Pin=Pout.THIS PROGRAM IS ALSO CAPABLE OF EVALUATING A 
IC HOT AIR BALLOON LIFT. 

PROGRAM BALON 

REAL MWGAS,MWOUT,LIFT 
CHARACTER*l ANS,OUTPUT*8 
ARDEN=.0508 !area density of the balloon material (kg/m2) 
WRITE(*,*)’ENTER GAS T (K), MOLAR WT., ALTIT. ( K M ) ’  
READ(*,*)TIN,MW,ALT 
MWGAS=2. ! molecular weight of the balloon gas (Hydrogen) 
MWOUT=44. ! molecular weight of the Mars atmosphere 
ALT=2.0 ! cruising altitude (km) 

C 
E 

- 

n a GCON=(ATM-GR/MOLE)/(LIT-ATM/MOLE-K)/K 

GCON=.0821 ! ideal gas constant 
WRITE(*, 101) 

101 FORMAT(lX,’R BAL.(M)’,2X,’BAL.MAS.(KG)’,2X,’GAS MAS.(KG)’,2X, 
+’PAYLOAD’,4X,’TOTALJ,3X,’% PAY/TOT’) 
WRITE(*,102) 

102 FORMAT(40X,’MASS (KG)’,ZX,’MASS (KG)’) 
.I 
J 

Z DENSITY PROFILE OF THE MARS ATMOS. 
7 
I )  

PI=3.14159 
DMAR=(1.43E-2)*EXP(-ALT/ll.3) ! Mars density (kg/m3) 
TOUT=220. ! ambient temperature (K) 
P=DMAR*GCON*TOUT/MWOUT ! pressure (N/m2) 
DO 10 1=18,27,3 
WRITE(*,*) ’ENTER THE NAME OF THE OUTPUT FILE (<=8 CHAR.)’ 
READ(*,’(A)’)OUTPUT 
OPEN(lZ,FILE=OUTPUT,STATUS=’NEW’) 
R=I ! radius of the balloon (m) 
TIN=220. ! balloon gas temperature (K) 
BALMAS=4.*PI*R**2*ARDEN ! balloon material mass (kg) 
VOLUME=4.*PI*R**3/3. 
DO 20 J=1,20 
DGAS=P*MWGAS/GCON/TIN ! density of the balloon gas (kg/m3) 

TOTAL=LIFT+BALMAS+VOLUME*DGAS ! total mass of the system (kg) 
PERCE=LIFT/TOTAL 
DELTzTIN-TOUT 
WRITE(lZ,*)DELT,lift 
WRITE(*,*)R,DELT,lift 
TIN=TIN+BO. 

LIFT=VOLUME*(DMAR-DGAS)-BALMAS ! (kg) 

20 
WRITE(*,lOO)R,BALMAS,VOLUME*DGAS,LIFT,TOTAL,PERCE 

CONT I NUE 
10 CONTINUE 

I 100 FORMAT(lX,F4.1,4(7X,F6.2),3X,F6.3) 
STOP 
END 



Appendix 5.2 

B a l l  oon Convect ion and R a d i a t i o n  Analysi  s Program Code 



C PROGRAM BALON5.FOR BY S. ALI SIAHPUSH 2-10-87 

C CONVECTION & RADIATION ANALYSIS 
C H=CONVECTION HEAT TRANSFER COEF. (W/mz/K) 
C THIS PROGRAM IS BASED ON THE ’H’ BEING ONLY FUNCTION OF RADIUS 
C OF THE DISC 

PROGRAM BALON4 

CHARACTER*lO NAME 
T01180. !ambient temperature (K) 
E=O. 9 !emissivity of the surface 
2=5.67E-8 !Stefan-Boltzmann constant (W/rnz/K4) 
GS=580. !Solar flux (W/m2) 
GM=70. !reflected Mars flux (W/mz)  
DO 10 I=1,5 
WRITE(*,*)’ENTER THE OUTPUT FILE NAME’ 
READ(*, ’ (A) ’ )NAME 
OPEN(12,FILE=NAME,STATUS=’NEW’) 
DO 20 J=18,30 
TS=320. !surface temperature (K) 
R=J !radius of the disc 
H=.0168/(2.*R)*(13.75*R**(.75)+28.36*R) 

’1 
2 

> NUMERICAL SOLUTION (NEWTON METHOD) 
’1 
J 

DO 30 K=1,50 
FTS=E*(GM+GS)-2.*E*Z*(TS**4-TO**4)-2.*H*(TS-TO) 
DFTS=-8.*E*Z*TS**3-2.*H 
TS=TS-FTS/DFTS 

30 CONTINUE 
WRITE(*,*)R,TO,TS 
WRITE( 12,*)R,TS 

20 CONTINUE 

10 CONT I NUE 
TO=TO+10. 

STOP 
END 


